Electromes World

SEPTEMBER, 1962

BROADCASTER'S VIEWPOINT ON FM STEREO MULTIPLEXING
TECHNICIANS WITH PASSPORTS . .
“$” METERS FOR CB -

DIGITAL VOLTMETERS -
Designs & Applications

PCROUS NICKEL
ELECTRODES

FUEL CELLS

These new exotic power sources will op-
erate all electronic and life-support
equipment in “Gemini"’, our first 2-man
spacecraft and in ‘‘Apollo’’, our moon
ship. The cells are the most efficient
non-nuclear devices for generating elec-
tricity. Ultimately, we may have fuel-
cell-powered submarines and automobiles.

FUEL CELL
ASSEMBLY

HYDROGEN
STORAGE TANK
OXYGEN : PUMP-SEPARATOR
STORAGE TANK Lt |
RADIATOR-CONDENSER

CONDENSED
WATER VAPOR

DRINKABLE WATER
STORAGE TANK
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@Y matched dynamic microphones
take guesswork out of stereo recording

Now, whether you buy
E-V microphones singly,
or in pairs. .. E-V upiform
quality assures custom-
matched performance
for stereo recording.

s

Model 664
Dynramic Cardioid
17 '"'Best for Noise Control"
; List $85.00 each

ELECTRO-VOICE, INC., Commercial Products Division, Dept. 922N, Buchanan, Michigan
CIRCLE NO. 112 ON READER SERVICE CARD

Model 636
1 Dynamic Nondirectional
‘‘Widest Range . . . Slim Style"
List $72.50 each

For living, vibrant stereo reproduction of words and music, dynamically matched
microphones are the vital key to fidelity. Electro-Voice custom matching means
microphones are specifically engineered to equal each other in frequencey response,
polar pattern and overall sensitivity. These characteristies take the guesswork
out of stereo recording — make microphone placement easier, give more uniform
recording quality, offer better stereo separation, create natural sound reproduc-
tion, yield professional results and reduce “trial and error” time. Not only are
they matched but their smooth response, wide range, high sensitivity, ruggedness
and reliability are the same basic features which have made E-V professional
microphones the choice of critical recording studios, radio and television net-
works and leading independent stations. There is no finer choice than Electro-
Voice . . . no finer microphone buy for the money.

Write for your FREE

v E-V microphone eatalog.
Mode

Dynamic Nondirectional OU€T 80 models to choose

“Rugged .. . Reliable” JTOM for stereo recording

List $52.50 each and everyother sound need.

Model 623
Dynamic Nondirectional
“Modern Design . .
Budget Priced"
List $57.00
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® A new 3 inch Extended View

Portable Scope with New
Features and Performance
Unmatched by even the most
Costly 5 inch Oscilloscopes

SENCORE PS120
PROFESSIONAL
WIDE BAND
OSCILLOSCOPE

Lowest priced

Here it is, the scope that technicians, engineers and service-
men from coast to coast have been demanding. A portable
wide band scope that can be used on the job anywhere, yet
has the highest laboratory specifications for shop or lab.
Cumbersome color TV sets, remote audio and organ install-
ations and computers are just a few of the jobs that make
owning a scope of this type so essential, Why consider a
narrow band scope, when for only a few dollars more, this
professional wide band sensitive scope equips you for any job.
e The PS120 provides features never before offered. Only
two major controls make the PS120 as easy to use as a volt-
meter. Even its smart good looks were designed for functional
cfficiency. New forward thrust design, creating its own
shadow mask, and full width calibrated graph increase
sharpness of wave form patterns. A permanent chromed
steel carrying handle instead of untidy leather strap and a
concealed compartment under panel for leads, jacks and AC

S PEC I FI
WIDE FREQUENCY RESPONSE:

vertical amplifier—flat within 2 DB from 20 cycles to 5.5 MC, down —3 DB at 7.5

MC, usable up to 12 MC.
Horizontal amolifier—flat within
BB from 20 cycle to 500 KC.

HIGH DEFLECTION SENSITIVITY:

—3 DB from 45 cycles to 330 KC, flat with

. RMS P/P
vertical Amplifier—Vert. input cable J035V/IN. 0.1V/IN.
Aux. vert. jach . J035V/IN. 0.1V/IN.
Through Lo-Cap!probe ASV/IN. 1L0V/IN.
Horizontal Amplifier— S1V/IN. 1L44V/IN.

HIGH INPUT RESISTANCE AND LOW CAPACITY:

Vert. input cable 2.7 Meg. shunted by approx. 85 MMF
Aux. vert. input jack 2.7 Meg. shunted by approx. 20 MMF
Through low cap. probe 27 Meg. shunted by 8.6 MMF

Horlz. input jack 330 K to 4 Meg.

The PS120 is a must for color TV
servicing. For example, with its ex-
tended vertical amplifier frequency
response, 3.58 MC signals can be
seen individually.

Wide Band 3 inch Scope
anywhere. All hand wired.

in

Only 12 45° net

line cord make the PS120 the first truly portable scope com-
bining neatness with top efficiency.

« Electrical specifications and operational ease will surpass
your fondest expectations. Imagine a wide band scope that
accurately reproduces any waveform from 20 cycles to 12
megacycles. And the PS120 is as sensitive as narrow band
scope . . . all the way. Vertical amplifier sensitivity is .035
volts RMS. The PS120 has no narrow band positions which
cause ot her scopes to register erroneous waveforms unexpect-
edly. Another Sencore first is the Automatic Range Indi
cation on Vertical Input Control which enables the direct
reading of peak-io-peak voltages. Simply adjust to one inch
height and read P-to-P volts present. Standby position
on power switch, another first, adds hours of life to CRT
and other tubes. A sensitive wide band oscilloscope like the
PS120 has become an absolute necessity for trouble shooting
Color TV and other modern circuits and no other scope is as
fast or easy to use.

CATIONS
HORIZONTAL SWEEP OSCILLATOR:

Frequency range— 4 ranges, 15 cycles—150 KC
Sync Range— 15 cycles to 8 MC-usable to 12 MC

MAXIMUM AC INPUT VOLTAGE:

Vertical input cable—

Aux. vert. jack— 1000 VPP (in presence of 600 VDC)
approx. 15 VPP (in presence of 400 VDC)

-3

Lo-Cap_probe—
Horiz. input jack—

POWER REQU!REMENTS:
voltage—
Power consumption—

105-125 volts, 50-60 cycle
On pos. 82 watts
Stby. pos. 10 watts

SIZE: 77 wide x 9 high x 1114” deep—weight 12 lbs.

SENCORE

ADDISON 2, ILLINOIS

14

ELECTRONICS WORLD Is publiched monthiiy by ZIF-Daviz 'ubli=hing Compbany At 434 South Wabash Avenue. Chieafo 5. Illinols. Subserintion rates: one vear Uniled States and
PosACAsiOns X5.00: Canada and l'an Amerflcan Ulllon couhtries £5.3(1: all other forelgn countries SA8.00. Second Class DPostafe Pald at Chicago. [llInels and at sddliional matlin
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Here's why Audio Magazine says Scott Kits are
“Simplest to build...” and have
“Engineering of the highest calibre” *

The exclusive Scott full color Instruction
book shows every part and every wire in
natural color and in proper position. To
make the Instruction book even clearer,
each of the full color illustrations shows
only a few assembly steps. There are no
oversized sheets to confuse you.

There are certain areas in every profes.
sjonal high fidelity component where wir-
Ing is critical and dlifficult. FM front ends
and multiplex sections are an example. In
Scott Kits these sections are wired at the
tfactory, and thoroughly tested by Scott
experts, assuring you a completed kit
meeting stringent factory standards.

Each fuli color illustration §s accompanied
by its own Part Chart... another Scott ex.
clusive. The actual parts described in the
illustration are placed In the .exact se-
quence in which they are used. You can‘t
possibly make a mistake.

Tuners are aligned with the unique Scott
Ez-A-Line method using the meter on the
tuneritself. This assures perfect alignment
without expensive signal generators. Am-.
plitier kits require no laboratory instru.
ments for perfect balancing.

Much of the uninteresting mechanical as-
sembly is completed when you open your
Scott Kit-Pak. All the terminai strips and
tube sockets are aiready permanently
riveted to the chassis. To insure accuracy
all wires are pre-cut and pre-stripped to
proper length.

rvi& Ly e
e » °

The new Scott Warrantee Performance Plan
guarantees that your kit will work perfectly
when completed. If you have followed all
recommended procedures and your kit
falls to work Scott guarantees to put your
kit in working order at the factory at mini-
mum cost.

*Audio — February 1961, Pages 54.56

SCOTT"

H. H. Scott Inc., Dept. 160-09 el 0]
111 Powdermitl Rd., Maynard, Mass.

Please rush me without charge your full
color brochure on the complete line of
Scott FM stereo tuner, stereo amplifier and
speaker kits. A sample 36 page full-color
Scott Kit Instruction book will be included
if you enclose 50¢ in coin or stamps.

Name. .. ..cociieiciiensnesnsssssncsencena,
AddresS. .. cevieeeameceaniserssassrsessroe
City.ioiieiiiiiiienaniins State.......

tf.any of your friends would like a copy of
the new Scott Kit brochure send us their

When you finish your kit you'l be delighted by Its handsome good looks. And when you turn
your Scott Kit system on you'll know for yourself why the expert editors of teading high fidelity
magazines like Audio say . .. ""only the most sophisticated engineering thinking could design
a kit as simple and foolproof as this .. .” "

names and addresses.

Export: Morhan Exporting Corp., 458 Broadway, N.Y.C.
Canada: Atlas Radio Corp., 50 Wingold Ave., Toronto
. CIRCLE NO. 138 ON READER SERVICE PAGE
www.americanradiohistorv.com
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Fuel Cells . . e Ken Gilmore
Recent Developments in Electronics ............... ... ... ... . .....
Self-Balancing Potentiometers ... ... ............ .. ... Robert Meem

Technicians with Passports Frederick J. Degler
There are still exciting opportunitics for electronic technicians who want
to tracel. Almost all of the 2100 electronic sercice and maintenance tech-
nicians of Federal Electric, Division of FI'T, are deployed around the globe.

TEST EQUIPMENT

Oscilloscope Voltage Calibrator ... ... ... .. ... ... .. ... Joseph Wiedeman

The Digital Voltmeter John R. Collins

These instruments are sophisticated devices that technicians should know
more about—three (fi{fcren! units utilizing cvoltage comparison, integra-
tion counting, and cvoltage-time-concersion techniques are described here.

EW Lab Tested (Sencore PS120 Oscilloscope)

HI-FI AND AUDIO

EW Lab Tested (Eico MX-99 Multiplex Adupter, Fisher FM-100-B Mulhplex
Tuner, Roanwell Stereo Phones) .

FM Stereo: A Broadcaster’s Viewpoint D. Ridgely Bolgiano
Director of Engineering, WIDIHA-FM. presents interesting highlights of prob-
lems faced Dby stations and listeners, with adcent of FM sterco multiplex.

Loudspeaker Intercom Systems e Ray A. Shiver

Switched-Resistor Controls ... .. ... ... .. ... ... o Robert K. Re
GENERAL

Educational TV (Editorial) .. . . .. ... ... .. .. ... W, A, Stocklin

U.H.F. Conversions are Profitable . .. .. ... ... ... .......... . Lon Canfor

Relay Electronics Russell D. Shattuck

Amplifiers, gencrators, meters, mhustahle fuses —you can make up these
and other “circuits’ Jmnself with relays instead of tubes or transistors.

8-Tube TV Design

Hote much performance remains after such streamlining? This \Ilull.., receicer
makes the most of compactrons, a low-drice CRT, and other innovations.

W. A. Rheinfelder

RC-Coupled High-Frequency Amplifiers .

COMMUNICATIONS

“S"” Meters for CB Donald L. Stoner, 11W1507

MONTHLY FEATURES
Coming Next Month ....... . 4 Electronic Analogies . ........
Letters from Our Readers .... 8 Radio & TV News
Mac’s Electronics Service 44 Calendar of Events .........
New Products and Literature for Electronics Technicians. ..., 94
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Heré s everrfﬁlng

you need to master
mulhemuhts

At Home — In Spare
Time And "Write Your
Own Ticket” to a
higher paying job

NDUSTRY today is ‘cry-

ing’ for men who
know mathematics. Pre-
pare yourself NOW
for a good futurc
and higher paying
job by learning it
at home, in your
spare time — this
amazingly simple
way.

Can You Spend
10 Minutes a Day

That’s all it
takes with this
completely revised
and updated sim-
plified home-study
Course, Thomp-
son’'s MATHEMATICS FOR SELF STUDY. 5 big
volumes, 1533 pages. Hundreds of charts, graphs,
diagrams, formulas. Basic “know-how.” Time
and money-saving short-cuts. Common sense tips.
You master every type of practical mathematics
problem quickly and casily.

A “Must’’ for Men Who Want to Get Ahead

For the first time includes Binary Arithmetic,
Roolean Algebra, Non-Euclidean (eometry.
Clearly explains all basic prineciples, equations,
probabilities, roots, powers, slide rule, ete. You
solve any problem in geometry, surveying, me-
chanics, navigation, architecture, designing,
computer problems. You compute speed, velocity,
rates, integral formulas: analyze sales, produc-
tion charts; figure statisties, insurance, physies,
electricity, radio, TV. MUCH MORE,

Try Complete Course FREE
Send no money. Just

mail coupon today for

FREE 10-day examina- N Ew
tion of all five home-study Comp_lefelv
books. If not convinced Revised

this great completely re-
vised and updated set will
let you '‘write your own
ticket’’ to a higher pay-
ing job, return it and
owe nothing. But mail
No-Risk Coupon NOW to:
D. VAN NOSTRAND COM-
PANY, INC,, Dept. 379X,
120 Alexander Street,
Princeton, New Jersey.
Egtablished 1848.

AL L L & T ¥ 1 & ¥ 1 ¥ N |

D. VAN NOSTRAND €O., INC., Dept. 379X,
120 Alexander St., Princeton, N. J,

Please send me, for FREE examination. the
S-volume set of Thompson's MATHEMATICS
FOR SELF STUDY. If not delighted I may re-
turn the §-volume set within 10 days and owe
nothing. Otherwise, T will send you $2.85 (plus
small postage) as first payment, and $3 per
month for thrée months thereafter.

and Updated

Includes for the first
time Binary Arith-
metlic . . . Boolean
Algebra . . . Non-
Euclidean Geometry

. an entirely new
section on trigono-
metric identitles . . .
and an expanded
section on differen-
tial equations. Com-
pletely revised and
updated throughout.

NOMEC. csevsee sroranssrsactrracastseiaciasiossnes
{Please Print Plainly}

Address....... 00000 00B0BEOO000DDOABCABTE 60 60000

SAVE! Send full payment of 811.83 with this
coupon and WE pay all delivery costs. Return
privilege and refund guaranteed.

Canada: 23 Ilolllmf,er Rd., Toronto 18, price slightly
higher. Furcign. A.P.O. please send $11.83 with order.

L L L T 7 ]
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COMING
NEXT MONTH

Special
Feature

Transistors or Tubes for Hi-Fi?—Five of the country’s leading high-fidelity com-
ponent design engineers offer their own answers in an open debate—an EW
Symposium conducted exclusively for our readers. Such well-known engineers
as Robert E. Furst of Harman-Kardon, Inc.; Richard Medal of Allied Radio Corp,;
Fred L. Mergner of Fisher Radio Corp.; Ed Miller of Sherwood Electronics Lab,;
and Daniel R. von Recklinghausen of H. H. Scott, Inc. give their reasons for
championing tubes or transistors. Don't miss this timely and important survey
of things to come in the high-fidelity audio field. Know whether the era of tran-
sistorized component hi-fi is approaching rapidly or is a thing of the future!

“TELSTAR" COMMUNICATIONS

With International TV a reality—this
article provides the technical details on
one of this decade’s most interesting and
ingenious applications of electronics.
The full-color cover shows how the sig-
nals are being transmitted between the

U.S., France, and England.

TRANSISTOR RADID SERVICE WITH A V.T.V.M.

Still looking for a service method that is
rapid and reliable? Deciding that the
od.vam. is the single instrument for pro-
viding the greatest variety of useful tests,
author develops his technique around it.

FLOW MEASUREMENT—ELECTRONIC

TECHNIQUES AND DEVICES

In their more spectacular applications,
flow meters monitor fuel flow to the
rocket motors in missiles and control the
flow of blood during artificial-heart-lung
operations. Since electronic technicians
are movre likely to encounter flow meters
as part of complex industrial control sys-
tems, they should have a speaking ac-
quaintance with electro-mechanical and
all-electronic types—both of which are
covered in this article.

DESIGN FOR A HIGH-GAIN

V.HF-UH.F. ATTIC ANTENNA

You can pull in weak signals nicely on
all TV channels, u.h.f. as well as v.h.f.,
and F M transmission too, with a single
antenna. What is more, vou can assemble
it of wire and wood and then hide it in
vour attic. A simplified adaptation of the
log-periodic concept provides exceptional
pick up from 54 to 890 mec. with superior
directivity.

NON-OIRECTIONAL STERED EFFECTS

Stereo reproduction contributes much
more to musical fidelity than is generally
acknowledged . . . it reduces tone cancel-
lation and enhances reverberation ef-
fects as well as resulting in less distor-
tion. Charles J. Hirsch of RCA explains
why this should be true and describes a
number of simple, easily reproduced ex-
periments and listening lests so “shkep-
tics” can sell themselves on the idea.

All these and many more interesting and
informative articles will be yours in the
October issue of ELECTRONICS
WORLD . ..on sale

September 25th

e e e W et
ZIFF-DAVIS PUBLISHING COMPANY

Williom B, Ziff
Chairman of the Board (1946-1953)

William Ziff
President

W. Bradford Briggs
Exeewtire Vice President

Hev§hel B. Sarbin
Vice President and General Munuger

Member
Audit Bureou of
Circulations

M. T Bilmin_ghom, Jr.
Vice President and Treasurer

Rebert P. Breeding
Circulation Director

Charles Housman
Financial Vice President

Stanley R. Greenfield
Vice President

-Imnnnt'
HICH HIDEEITY
RS

Radio & TV News ¢ Radio News ¢ Radio-Electronic Enginecring Trademarks Reg. U.S. Pat. Off.
SUBSCRIPTION SERVICE: All subscription correspondence should be addressed to Electronics World. Cir-

culation Department,

434 South Wabash Avenue. Chicago 5. Illinois. Please allow at least

six weeks for

change of address. Include your old address. as well as new—enclosing if possible an address label from
a recent isaue.

EDITORIAL CONTRIBUTIONS must be accompanied by return postage and will be handled with reasonable
care: however publisher assumes no responsibility for tre!urn or safety of art work. photographs, or
manuscnp 8,

www.americanradiohistorv.com

ELECTRONICS WORLD


www.americanradiohistory.com
www.americanradiohistory.com

What Does F.C.C. Mean To You?

What is the F.C.C.?

F. C. C. stands for Federal Communications
Commission. This is an agency of the Federal
Govermment, created by Congress to regulate
all wire and radio communication and radio and
television hroadcasting in the United States.

What is an F.C.C. Operator License?

The F. C.C. requires that only qualified per-
sons be allowed to install, maintain, and operate
electronic communications equipment, incﬁnding
radio and television broadcast transmitters. To
determine who is qualified to take on such re-
sponsibility, the F, C. C. gives technical exami-
nations. Operator licenses are awarded to those
who pass these examinations. There are different
l{pes and classes of operator licenses, based on
the type and difficulty of the examination passed.

What are the Different Types
of Operator Licenses?

The F.C.C. grants three different types (or
groups) of operator licenses —commercial radio-
telePHONE, commercial radioteleGRAPH, and
amateur.

COMMERCIAL RADIOTELEPHONE oper-
ator licenses are those required of technicians
and engineers responsible tor the proper opera-
tion of electronic equipment involved in the
transmission of voice, music, or pictures. For
example, a person who installs or maintains two-
way mobile radio systems or radio and television
broadcast equipment must hold a radiotele-
PHONE license. (A knowledge of Morse code is
NOT required to obtain such a license.)

COMMERCIAL RADIOTELEGRAPH opera-
tor licenses are those required of the operators
and maintenance men working with communica-
tions equipment which involves the use of Morse
code. For example, a radio operator on board a
merchant ship must hold a radioteleGRAPH
license. (The ability to send and receive Morse
is required to obtain such a license.)

AMATEUR operator  licenses are those re-
quired of radio “hams”— people who are radio
hobbyists and experiinenters. (A knowledge of
Morse code is necessary to be a “ham'.)

What are the Different Classes of
RadiotelePHONE licenses?

Each ly,)e (or group) of license is divided into
different classes. There are three classes of radio-
telephone licenses, as follows:

(1) Third Class Radiotelephone License, No
previous license or on-the-job cxperience is re-
quired to qualify for the examination for this
license. The examination consists of F,C,C, Ele-
ments | and 1l covering radio laws, F.C.C.
regulations, and basic operating practices.

{2) Second Class Radiotelephone License. No
on-the-job experience is required for this exami-
nation. However, the applicant must have
already passed examination Elements I and 1I.
The second class radiotelephone examination
consists of F.C.C. Element IIl. It is mostly
technical and covers basic radiotelephone theory
(including electrical calculations), vacuum tubes,
transistors, amplifiers, oscillators, power supplies,
amplitude modulation, frequency modulation,
measuring instruments, transmitters, receivers,
antennas and transmission lines, etc,

(3) First Class Radiotelephone License. No
on-the-job experience is required to qualify for
this examination. However, the applicant must
have already passed examination Elements I, 1I,
and III. (If the applicant wishes, he may take
all four elements at the same sitting, but this is

not the general practice.) The first class radio-
telephone examination consists of F.C.C. Ele-
ment IV. It is mostly technical covering ad-
vanced radiotelephone theory and basic tele
vision theory. This examination covers generally
the same subject matter as the second class ex-
amination, but the questions are more difficult
and involve more mathematics.

Which License Qualifies for Which Jobs?

The THIRD CLASS radiotelephone license is
of value primarily in that it qualifies you to take
the second class examination. The scope of
authority covered by a third class license is
extremely limited.

The SECOND CLASS radiotelephone license
qualifies you to install, maintain, and operate
most_all radiotelephone equipment except com-
mercial broadcast station equipment.

The FIRST CLASS radiotelephone license
qualifies you to install, maintain, and operate
every type of radiotelephone equipment (except
amateur, of course) including all radio and tele-
vision stations in the United States, and in its
Territories and Possessions. This is the highest
class of radiotelephone license available.

How Long Does it Take to Prepare
for F.C.C. Exams?

The time required to prepare for FCC exami-
nations naturally varies with the individual, de-
Eending on his background and aptitude. Grant-

am training prepares the student to pass FCC
exams in a minimum of time.

In the Grantham correspondence course, the
average beginner should prepare for his second
class radiotelecphone license after from 300 to
350 hours of study, This same student should
then prepare for his first class license in approxi-
mately 75 additional hours of study.

In the Grantham resident course, the time
normally required to complete the course and
get your license is as follows:

In the M thru F DAY course, you should set
your first class radiotelephone license at the end
of the 12th week of classes.

In the M-W-F EVENING course, you should
get your first class radiotelephone license at the
end of the 20th week of classes.

In the Tu-Th EVENING course, you should
get your first class radiotelephone license at the
end of the 30th week of classes.

The Grantham course is designed specifically
to prepare you to pass FCC examinations. All
the instruction is presented with the FCC exami-
nations in mind. In every lesson test and pre-

Accredited by

NG Co,
‘?\“ a

Over the years,

examination éou are given constant practice in
answering FCC-type questions.

Why Choose Grantham Training?

The Grantham Communications Electronics
Course is planned primarily to lead to an F.C.C.
license, but it does this by TEACHING elec-
tronics. This course can prepare you quickly to
pass F.C.C. examinations because it presents
the necessary princi;:les of electronies in a
simple ‘‘easy to grasp” manner. Each new idea
is tied in with familiar ideas. Each new principle
is presented first in simple, everyday language.
Then after you understand the **what and why"
of a certain principle, you are taught the tech-
nical language associated with that principle.
You learn more electronics in less time, because
we make the subject easy and interesting.

Is the Grantham Course a “Memory Course’?

No doubt you've heard rumors about “mem-
ory courses’’ or ‘‘crarm courses’’ offering *“all the
exact FCC questions”. Ask anyone who has an
FCC li if the ry material can be
memorized. Even if you had the exact exam
3uesti0ns and answers, it would be much more

ifficult to memorize this “meaningless” mate-
rial than to learn to understand the subject.
Choose the school that teaches you to thoroughly
understand —choose Grantham School of Elec-
tronies.

Is the Grantham Course Merely a
“Coaching Service™?

Some schools and individuals offer a “coach-
ing service” in FCC license preparation. The
weakness of the “coaching service” .method is
that it presumes the student already has a know-
ledge of technical radio and approaches the
subject on a *question and answer” basis. On
the other hand, the Grantham course begins at
the beginning’” and progresses in logical order
from one point to another. Every subject is
covered simply and in detail. The emphasis is on
making the subject easy to understand. With
each lesson, you receive an FCC-type test so you
can discover daily just which points you do not
understand and clear them up as you go along.

Advanced Resident Training

The Grantham F.C.C, License Course is Sec-
tion I of our Electronics Series. Successful com-
pletion of this course is a prerequisite for
enrollment in Section II which deals with more
advanced material. However, it is not necessary
for the student to take Section 1I unless he
wishes to advance beyond the level of a first
class F.C.C. License.

the National Home Study Council
What NHSC Membership Means:

eople have come to respect membership in the
National Home Study Council as a hallmark of quality. No school can
be a member of the Council unless it has met the rigid standards set
up by the Council’'s Accrediting Commission, This means that all
schools, such as Grantham Schools, Ine., which display the seal of the
National Home Study Council have demonstrated their integrity and
adherence to high ethical standards., It means that they offer quality
instruction at reasonable tuition rates. It means that these schools
believe in, and are specialists in, the home study method of instruction.

For further details concerning F.C.C. licenses and our training, send for our FREE booklet,
“Grantham Training”. Clip the coupon below and mail it to the School nearest you.

Get your First Class Commercial F.C.C. License Quickly
- by training at

GRANTHAM
SCHOOL OF ELECTRONICS

1503 N. Western Ave.
Los Angeles 27, Calif.

{Phone: HO 7-7727)

408 Marion Street
Seattie 4, Wash.

(Phone: MA 2:7227)

MAIL COUPON NOW—NO SALESMAN WILL CALL =>

September, 1962

3123 Giltham Road

MAIL TO SCHOOL NEAREST YO

821-19th Street, N.W.

—r—r——y——r—

To: GRANTHAM SCHOOL OF ELECTRONICS

1505 N. Western
Los Angeles

Please send me your free booklet telling how | can gel my com-
mercial F.C.C. license quickly. | understand there is no obligation
and no salesman will call,

{Moil in envelope or poste on posto! cord)

L

3123 Gillham Rd.
Kansas City

821.19th, Nw

408 Marion
® Washingten

Seattle

26-P

Age

Kansas City 9, Mo. Washlngton 6, D. C. Nome
(Phone: JE 1-6320) (Phone: ST 3.3614) Address
City

| om interested in: [0 Home Study, [J Resident Classes

___Stote

CIRCLE NO. 116 ON READER SERVICE PAGE
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new double duty
nutdriver set

Ten professional nutdrivers in this compact,
convertible set become twenty with use of
a remarkable piggyback “torque amplifier”
handle. Slipped over pocket nutdriver
handles, it gives the grip, reach, and driv-
ing power of standard drivers. Does more
jobs with fewer tools, saves bench space,
lightens the service kit.

10 color coded,
pocket size nutdrivers
G5 thru %)

1" x 3%” hollow
torque amplifier
handle

slim, trim see-through
plastic case can be
carried in pocket

flat base turns case
into bench stand

lid provides
storage for handle

PS120

WRITE FOR
BULLETIN N762

XCELITE INC. -
Canada: Charles W. Pointon, Ltd., Toronto, Ont.

CIRCLENO.153 ONREADER SERVICE PAGE
-]

ORCHARD PARK, N. Y.

ECENTLY we drove out to the
Northedge Elementary School at
Bethpage, Long Island, N.Y., to watch a
| demonstration of an experimental closed-
circuit educational TV system by Adler
Electronics, Inc. What made the dem-
onstration unusual was that the program
[ originated at the Plainedge High School,
and was transmitted to us and to seven
other elementarv schools in the district
by wav of an on-the-air 2000-mc. micro-
wave link. Ordinary v.h.t. TV receivers,
tuned to an unused channel, picked the
program up through the school’s dis-
tribution system after the microwave
signal had been converted down to v.h.f.
The Adler svstem emploved a fre-
quency in a microwave band currently
being used occasionally for some TV
studio-to-transmitter links and remote
pickups. The band can provide twenty
| G-me. TV channels of broadcast quality.
The simplicity and low power should
make the system far less expensive to
interconnect schools that are some dis-
tance apart than would a wired or co-
ax-cable link.

A large group of school administra-
tors, aundio-visual specialists, broadcast-
ers, Health, Education and Welfare offi-
cials, and members of the FCC watched
on four TV sets a 20-minute film on
elementary French. It was a strange and
| stimulating experience for us. After a
| few minutes. we forgot that we were
| watching a TV program and we felt that
the gifted teacher was talking directlv
to us. Quite a few members of the au-
dience. who have heen out of elementary
school for a long time. responded to the
{ teacher as the class would do. And when
the filn was over, we all applauded the
film, and the quality of the demonstra-
tion. We feel that the applause was also
tor the eflectiveness of television as an
educational medium.

When TV was first proposed for in-
school use, there were soine who worried
| that it would take jobs awav from in-
structors. This tear has proved to be
completelv unfounded and not a single
teacher has been displaced by TV. In-
stead, the classroom teacher has tound
in television o powerful partner that is
helping to do a better job than the
teacher could do alone. Owr school en-
rollments are growing by leaps and
hounds and the number of qualified
| teachers is simply not meeting the need.

www.americanradiohistorv.com

... for the Record

By W. A. STOCKLIN

Editor

Educational TV

Hence, our educators require all the
help thev can get to train our children
—and educational TV is one answer.
With ETV, one gifted teacher can reach
far more students, special ilms and dem-
onstrations can be seen by a large num-
ber of students, the views of the world’s
great scientists and leaders can be
bronght into the classroom.

Today, there are over 60 educational
TV broadcasting stations and 400 closed-
circuit TV svstems in use for in-school
programining. There is also a National
Educational Television network and an
active program for transmitting ETV to
a large nunber of schools in the mid-
West trom an airborne TV station. Some
educational TV stations operate on the
regular v.hf. TV channels, a larger num-
ber operate on the u.h.f. TV channels.
Practicallv all the larger cities, except
Los Angeles and Cleveland. should have
one ETV channel by the end of the vear.
In all, there are some 274 ETV channels
presently available.

Although these figures are impressive,
the present facilities barelv begin to fill
the need for this important new service.
This is true since most schools would
like to have available not just a single
channe! but a number of channels, each
with a different program. Only in this
way can ETV be fullv utilized for the
various grades and various levels. ETV
stations not only help the teacher during
the day, but manv are serving their
locul communities with non-commercial
broadcasting aftter school hours.

More and more demands are being
made for spectrum space both by the
proponents of educational, non-commer-
cial TV broadcasts and by commercial
TV broadcasters. Some months ago, in
our April issue, we indicated in our edi-
torial that we felt that a move to u.h.f.
by television broadcasters was inevitable.
We still feel this way in spite of some
mail we have had from v.hi. broad-
casters who don't agree with us, With
both educational and commercial TV
broadcasters looking for space, we teel
that anv proposal that holds out a prom-
ise of more channels and more effective
nse of the TV spectrum is a good one.
It will be good for viewers who want
a greater ¢hoice of programs to watch
as well as for educators who want tele-
vision to become an even more useful
teaching tool than it is at present. A

ELECTRONICS WORLD
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ALL-TRANSISTOR

STEREO AMPLIFIER

50 WATTS DIRECTLY
COUPLED TO
YOUR SPEAKERS

SELECTOR VOLUME

O AL
Tare
[
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incomparable KG-60 | all-transistor| 50 watt stereo amplifier kit

onr ST Q92

SEND NO MONEY

only $5 per month

PROOF OF SUPERLATIVE VALUE

* Features direct-coupled output—no transformers or DC
blocking capacitors in output stage « 4.ganged volume
control for virtually linear operation at all levels « Dual-
concentric clutch-type bass and treble controls « Inde-
pendent recording outputs « Regulated power supply »
Separation control for optimum stereo effect « Separate
channel balancing control « Rumble and scratch filters
» Tape recording outputs « Response, 1 + db from 20-20,000
c¢ps at full rated output - Harmonic distortion, below 1%
at 50 watts + Hum and noise: Tuner, —90 db; magnetic
phono, —60 db ¢ Inputs: Tape Head (NAB); Mag phono
(RIAA); Ceramic phono; Aux; Tuner - Separation exceeds
40 db on all inputs « For use with 4, 8 or 16 ohm Speakers
s Easy-to-build modular design+ Handy plug-in transistor
sockets » Specially engineered printed circuit board «
With all parts, transistors, wire, solder and famous Knight-
Kit step-by-step instructions. Maximum compactness,
only 2% x 11 x 9%". Precision-look styling; handsome
Sierra Gold panel, with black-accented selector and vol-
ume escutcheon. Less case. For 110-125 volts, 60 cycle AC,
Shpg. wt., 8 Ibs.

September, 1962

typical of the value and quality of over
100 other great KNIGHT-KITS

ALLIED RADIO
KNIGHT ELECTRONICS DIVISION

Here is the amplifier of the future—yours today...years-
ahead all-transistor stereo hi-fi circuitry featuring
50 watts of music power directly coupled to your speakers

There is no other amplifier kit like it. Know the
enjoyment brought you by every advance in up-to-the-
minute audio technology. The precision circuit, using 20
transistors and six diodes, develops a full 50 watts of
IHFM music power. No transformers or DC blocking
capacitors are used. This engineering breakthrough gives
you unbelievably clear, true and pure reproduction, even in
the extreme low-frequency range. Plays instantly —
no warm-up time; no microphonics; virtually no hum or
noise; minimum current-drain; cool operation. Check the
incomparable specifications (box at left). See why there's
nothing like the KG-60 for quality and value. Order it
today —no money down (just check coupon).
An unbelievable buy atonly............... 37995
(less case)

(Metal Case for KG-60, only $4.95)
(Wood Case for KG-60—illustrated—only $9.95)

Satisfaction guaranteed or your money back

SEND NO
ALLIED RADIO

100 N. Western Ave., Chicago 80, Il

MONEY
order today

Ship me the following:
[J Knight-Kit KG-60 All-Transistor Amplifier Kit 83YU659BF
[0 Metal Case 5 Ibs. 83YX644. [J Wood Case 5 Ibs. 83YX645
[ Ship No Money Down on Allied’s Credit Fund Plan
DS epicenggsn: - enclosed (check) (money order)

Nam

-3
PLEASE PRINT

Address

Zone. State.

R
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World's

Only
‘Portable

Recording

4

Studio

il ~ 3 5
(,_\‘i:_ the all-in-one
LA

" Worelco
CONTINENTAL 400" :

4-Track Stereo Tape Recorder :

A recording studio in a suitcase —that's
how NORELCO ‘400’ owners describe
this most advanced (and most popular)
self-contained stereo tape recorder, |

> VERSATILITY: 4-track stereo record-

. ing and playback, as well as 4-track

+ monophonic recording and playback,

: at any of its 3 speeds. PROFES-

. SIONAL EXTRAS (at no extra cost):

. mixing, monitoring and sound-on-

- sound facilities. AUDIO FACILITIES:

completely seif-contained, including

¢« dual recording and playback preampli-

. fiers, dual power amplifiers, two
NORELCO wide-range, stereco-

. matched speakers (one in the detach-

. able lid) and stereo dynamic micro-

phone. For completc specifications,

+ write to NORELCO. In the meantime,

. see and hear the Continental *400° at

. any leading Sound or Photo Dealer.

i “idelity, Prc cts N

NORTH AMERICAN PHILIPS COMPANY, INC.

230 Duffy Avenue, Hicksville, L.1., N.Y.

CIRCLENO. 129 ON READER SERVICECARD

N FROM OUR READERS mm

COLLEGE-STATION TRANSMITTER
To the Editors:

In regard to the article in the April
issue of ELEcTRONICS \WoORLD concerning
the transistorized low-power transmit-
ter for college stations, the FCC requires
that, in addition to having the transmitter
at a low power. vou must show that it is
not violating the feld-strength require-
ments.

According to a recent FCC publica-
tion: “The responsibilitv of assuring the
electromagnetic energy radiated from
carrier-current (or other low-power com-
munications) svstemns does not exceed
the maximum permissible field strength,
and does not cause interference to au-
thorized radio service lies with the owner
and operator of the svstem. The amount
of radiation can only be determined
through the use of a standard feld-
strengtli meter operated by an engineer

+ | experienced in this work. Installation and

operation of a . . . systein should not he
undertaken unless means wre available
for taking such measurements.”

Anyone interested in operation in the
broadeast band under the various laws
pertaining to unlicensed Dbroadcasting
should consult OCE Bulletin No. 12,
“Operation in the Broadcast Band With-
out a License,” available tfrom the FCC
without charge. The front side of this
bulletin gives a general description ot
the requirements and interpretations,
and the back side has reprints of the
applicable parts of the FCC Rules and
Regulations.

MicHAEL Stiarino
KMRX Radio
Purdue Residence Network
West Lalavette, Indiana
BELL-TRANSFORMER INTERFERENCE
To the Editors:

I read with interest the discussion in
John Frye’s “Mac’s Electronics Service”
in vour May issue. The interference-
causing bell transtormer is more com-
mon than vou might think. I've had to
run down at least five of them in half as
many vears.

A good many of these transformers
are built with a bi-metal circuit breaker
installed inside. Uf for any reason the
current drawn exceeds the transformer
rating, this breaker will heat and open,
then cool and close again, on and on
until the load is removed. I've never
found a transformer that was actually
defective. In every case but one it was

www americanradiohistory com

a new transformer that was simply not
big enough to carry the load. The ex-
ception was an older transformer used
in a doorbell circuit. The dooirbell wiring
was shorted.

Considering the inductance of the
windings in these transformers, coupled
with the capacitance of the wiring used
in bells and thermostats, the circuits
usually resonate nicely just below or
right in the broadecast band. Thev have
nice harmonics right up into the u.h.f.
region too.

About the most successful method of
finding these rascals is to first locate the
general area of the offender with an
auto radio tuned to the low end of the
broadcast band. Then connect a 2.5
—mhy. r.f. choke, a 1N34 erystal diode,
and a set of headphones in series. Then
it is simplv a matter of going from house
to house and holding the r.f. choke near
the electric meter. \When vou get to the
right house, vou’ll hear the interference
loud and clear in the phones. Then all
vou have to do is find the transformer. I
found one in a doorbell circuit that
hadn’t been used in years. The entire
shorted circuit was in an attic behind
some wallboard that had been used to
finish the room when it was converted
to a spare bedroom. Try talking a home-
maker into letting vou tear down her
walls sumetime.

STEVE BROOMELL.
Chief Engineer, KATI
Casper, \Wyoming

L] @ o

TRANSISTOR MULTIPLEX ADAPTER
To the Editors:

The transistor multiplex adapter de-
scribed in the March issue of ELEc-
TRONICS \WonrLD is a very good system.
I constructed the unit and have been
using it tor about five weeks now. In
construeting it, I used a printed-circuit
board 3-7/16" x 4. The component lay-
out is different than Mr. Blaser’s and it
is easier to wire than his wonld be. I
made a lavout according to the photo
and did not like it, so I did it over and
used less space. [ used %-watt resistors
in order to cut the cost of parts by a
few dollars.

I've added an indicator system to it
which is also transistorized. It has an
NE-2 neon indicator and is also on a
printed-circuit board. I made it 1" x 3-
7/16" with external connections for the
multiplex signal, NE-2, and 65 d.c. volts.
The unit requires two transistors and

ELECTRONICS WORLD
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Find it and Fix it in 1 the time!

EASILY SOLVES “TOUGH DOGS"”...INTERMITTENTS ... ANY TV _TROUBLE

__L'] Minition
ANaLysy

77w Terevision ANAL

By Easy Point-to-Point Signal Injection, You see the Trouble
on the TV Screen and Correct it—Twice as Fast and Easy!

Simplified technique stops lost hours never recovered on
“*tough dogs’’, intermittents, and general TV trouble-
shooting. This one instrument, with its complete, accurate
diagnosis, enables any serviceman to cut servicing time in half
.. .service more TV sets in less time . . . satisfy more custom-
ers . ..and make more money.

With the Analyst, you inject your own TV signals at any time,
at any point, while you watch the generated test pattern on
the picture tube of the television set itself. This makes it quick
and easy to isolate, pinpoint, and correct TV trouble in any
stage throughout the video, audio, rf., i.f., sync and sweep seclions
of black & white and color television sets—including intermit-
tents. No external scope or waveform interpretation is needed.
Checks any and all circuits—solves any perfoermance problem.
Gives you today's most valuable instrument in TV servicing—
proved by thousands of professional servicemen everywhere.
Available on Budget Terms. As low as $30.00 down. Net, $29995

Time-Saving, Money-Making Instruments Used by Professional Servicemen Everywhere

SIMPLIFIES COLOR TV SERVICING, TOO

Enables you to troubleshoot and
signal trace color circuits in color
TV sets, or facilitate Installation.

Generates white dot, crosshatch
and color bar patterns on the TV
screen for color TV convergence
adjustments.

Generates full color rainbow dis-
play and color bar pattern to test
color sync circuits, check range
of hue contro!, align color de-
modulators. Demonstrates to
customers correct color values,

Model 960 Transistor  Model 360 V O Matic Model 375 Dynamatic  Model 700 Dyna-Quik _ Model 440 CRT
Radio Analyst Automatic VOM Automatic VTVM Tube Tester Rejuvenator Tester

September, 1962

See Your B&K Distributor

or Write for Catalog AP20-N K

CIRCLE NO.—-01 ON READER SERVICE PAGE

BaK MANUFACTURING CO.
Division of DYNASCAN CORPORATION

1801 W. BELLE PLAINE AVE. + CHICAGO 13, ILL.

Conado: Atlas Rodio Corp., 50 Wingold, Toronto 19, Ont.

Export: Empire Exporters, 277 Broodwoy, New York 7, U.S. A
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| COLUMBIA

NOW OFFERS

An outstanding selection of
Stereo Tapes—at Club Plan Savings!

ANY 3

HNEW MEMBERS

of these $6.95
to $9.95 stereo
4-track tapes

FOR ONLY 5

98

RETAIL VALLE
up fn $20 85

it you join the Club now and agree to purchase as few as 5 selections
from the more than 150 to be offered im the coming 12 menths

Thi Wi
ANDRE
KOSTELAMET?
‘Warderlard
;-

Original Soundtrack

i

RAY CONNIFF

his orchestra
and chorus

o e Rocaonding

9. “'Whirls, splashes,
Zooms! Never sounded
better."'—Playboy

37. “Their finest, both
as to performance and
recording.” -High Fidel.

LES ELGART

AND MU GRCHLETES

11, Be My Love, Every-
body Loves a Lover, So
Rare, 12 hits in all

r ] t‘t
ey R

(i)

36. “It swings; it's
full of excitement!™
—Down Beat Magazine

2. Serenade, Rhapsody
in Blue, On the Trail,
12 big hits in all

LERNER & LOEWE

Camelot

RICHARD BURTON
JULE

14. 'Ormandy is 3 real 12. Together, I'll Re- ost lavish and 21, also: The Hi-Lo's;

specialist at Strauss.” member April, Lonely, beautiful musical, a 4. 1. Johnson; Lambert,

— High Fidelity Love For Sale, 8 more {riumph. ' —K)lgallen Hendricks & Ross; etc.
REX HARRISON s

PERCY FAITH| |jGl ancrews| [LORDS PRAYER

Thamis From
GOHE WITH THE WIND
THl AFARTWMENT
HEVER O BUNGAY

it M ]
41, Also: Tammy Tell 3.

Me True, Sons and
Lovers, Laura, afc.

33. Brahms: 4th Symphony.
Bruno Walter; the Colum-
bia Symphony. “A deep
sense of purpose, a pow:
erful command, the stereo
is excetlent.”’—Sat. Review

MY FAIR LADY

the best-sellin,
recording of all time

7 MORE SUPERB TAPES TO CHOOSE FROM

Fn 1
E ANDREWS E‘-—
:.': sad Origingl “',‘?

ROGER WILLIAMS
nz2 songs of the y .
2 | |S0ARING '60)
vur. WINNERS Theme from Corsival
5 Hampton - Oavis+ Theme trem Exedus
% EMngl " . Itsy Grtsy Biuni
AP 15 e stas <7 mere

! omomear

CASY
RECORDING |

Complete score of 17. Also:

show

38. Wagner: Prelude and
Goad Friday Spell from
‘*Pargifal; “Flying Outch-
man'' and ‘'Meistersinger*
Overtures. Bruno Walter,
the Columbia Symphony

[s]
TABERNACLE CHOIR

Air, Blessed Are They
That Mourn, etc.

TO RECEIVE YOUR 3 PRE-RECORDED STEREO TAPES FOR
ONLY $5.98 — simply fill in and mail the coupon today.
Be sure to indicate which Club Division best suits your
musical taste: Classical or Popular. The selections
offered above are typical of the wide range of enter-
tainment you'll be offered each month — every gne
reproduced with all the flawless clarity and brilliance
of modern pre-recorded stereo tape!

HOW THE CLUB OPERATES: Each month the Club’s staff
of music experts chooses outstanding selections for
both Divisions. These selections are described in the
Club Magazine, which you receive free each month,
_You may accept the monthly selection for your
Division . . . or take any of the wide variety of other
tapes offered to members of both Divisions in the
Magazine . . . or take NO tape in any particular month.
our n~tv membership obligation is to purchase 5
tapes from the more than 150 to be offered in the
coming 12 months. Thereafter, you have no further
obligation to buy any additional tapes . .. and you may
discontinue your membership at any time.

FREE BONUS TAPES GIVEN REGULARLY. If you wish to
continue as a member after purchasing five tapes, you
will receive — FREE — a pre-recorded bonus tape of
Your choice for every 3 additional selections you buy!

The tapes you want are mailed and billed to you at
the list gnce of $6.95 (Classical $7.95; occasiona)
Original Cast tapes somewhat higher), plus a smali
mailing and handling charge.

e’
| e P T o
: BATTLE HYMN OF THE REPUSLIC
il '3 cotwanial |1 (DS PRAYER-9 mone

Londonderry
Misty, etc.

39, Vivaldi: Four Concer-
tos. lIsaac Stern; David
Qistrakh, violins, Ormandy,
The Philadelphia Orchestra

42, Sammy Kaye—Dancing
On a Silken Cloud. June in
January, The Nearness of
You, Young At Heart, etc,

43. Billy Butterfield—The
Golden Horn, Stardust, And
the Angels Sing, You Made
Me Love You, Pretend, etc,

ool
Rty i im: A
Ow.llA
1ounNy mathis G

1. Also: A Lovely way
To Spend An Evening,

23. Also: Green Leaves
of Summer, Theme {rom
"'ASummer Place 'etc.

Serenade

for i )
Strings
e G~

———y—

EUGENE ORMANDY Cond.

44. Borodin: Nocturne:
Tchaikovsky:Serenade;
Barber: Adagio; efc.

49. Dinah Washington—-Un-
forgettable. Alone, When 1
Fall in_Love, This Bitter
Earth, The Song is Ended,
Ask A Woman Who Knows,
Bad Case of the Blues, etc.

50. Pop-Overs. Frederick
Fennell conducts the East-
man-Rochester '‘Pops”
Orchestra. ‘“*Performed
with a flair...admirable."
—Christian Sci. Monitor

SEND MO MONEY — Mail coupon today!

Terre Haute, Indiana

dling charge):

NOTE: All tapes offered by the Club must be played
on 4-track stereo play-back equipment,

COLUMBIA STEREO TAPE CLUB, Terre Maute, Indiana

10

CIRCLE NO. 107 ON READER SERVICE PAGE

COLUMBIA STEREOD TAPE CLUB, Dept. 402-2

Circle three numbers:

Please enroll me as a member of the Columbia
Stereo Tape Clyb, and send me, under the terms
outlined in this advertisement, the following 3
tapes for $5.88 (blus a small mailing and han-

1 2 8 8 9 1 12 14 17
21 23 33 38 37 38 39
41 42 43 44 49

ENROLL ME IN THE FOLLOWING DIVISION:

3 CLASSICAL O POPULAR
H’#ms'..l,.r.l;‘b. ....... setane asiseeseenan TTTTTTN
AdAreSS. . veeecccccecresconnes neseereae vhennne
(&% fboo00000000000000000000 ZONE....State...... 1

APO, FPO addressees; write for special offer.
E ¢ R __ N N _§ N _N__N N _JN R N N )
."Cﬂm"o, “Epie," Q Marcas Reg. ¢ Columbla Resords Distribution Corp., 1963

www.americanradiohistorv.com

operates with 1.2 ma. total current.
I would consider supplying the
printed-circuit board for both units if any
of your readers should request them. I
would need approximately thirty days
to make the first board, as I would have
to make a photo mask for etching so
that the labor could be cut to a minimum.
I would estimate between eight to ten
dollius with the board drilled and ready
for component installation. H the cus-
tomer wants to drill the holes, then the
cost would be about five dollars. A sketch
showing component layout would be in-
cluded.
WaLrace A. Roos
6246 Southbrook
Houston 17, Texas

# L] &

INHALING TEFLON FUMES
To the Editors:

Your article on page 94 of the April
1962 issue (“A Solder Remover,” util-
izing a piece of Teflon tubing) reminded
me of a bulletin which states that Teflon,
when heated above 400° C, gives off a
very toxic gas, perfluoroisobutane. Most
soldering guns will heat their tips well
above the safe temperature level of
Teflon,

Dox G. SILVER
Pisgah Forest, N.C,

To the Editors:

This gas (perfluoroisobutane) has
been known to cause death, even in
small quantities. A technician died from
the amouut inhaled from a cigarette
which was placed on a Teflon part.

Ber~arp F. Jonxsex
Levittown, New York

The number of published warnings
on the hazards of Teflon is only equalled
by the number of subsequent retrac-
tions. The widely circulated “cigarette
tale” has never been traced to its source
despite many efforts. Teflon just begins
to give off infinitesimal hut harmless
amounts of perfluoroisobutylene (the
correct term for the gas) at the cery high
temperature of 400° C—which is 752° F.
Toxic quantitics do not develop until
much higher temperatures are reached
and maintained. Teflon is the coating
material  used on currently popular
“greaseless, no-stick” frying pans, which
are often heated to high temperatures.
These utensils have been judged to be
completely safe.

Dr. John A. Zapp, ]r., Director of the
Haskell Laboratory for Toxicology and
Industrial Medicine, has published a
paper covering his extensive research
on this matter. We don’t have the room
to run it, but extensive excerpts are guail-
able from E. 1. DuPont De Nemours &
Company, Public Relations Departinent,
Wilmington 98, Delaware, in a bhooklet
entitled “The Anatomy of a Rumor”—
Editors. A

ELECTRONICS WORLD
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why fake hours 1o troubleshoot when

PHOTOFACT does it for you in minutes !

IF YOU'RE NOT NOW A PHOTOFACT LIBRARY OWNER, YOU'RE
MORE THAN PAYING FOR IT IN THE TIME YOU LOSE

HERE ARE JUST A FEW OF THE DOZENS OF WAYS PHOTOFACT SAVES YOU TIME

FIELD SERVICING NO

421 7Y CLase VAL

DISASSEMBLY INS
1 CxasSH RE
1 Remors 10 push..a I
1 Redons 12 vt 0

OWN THE TIME-SAVING, PROFIT-MAKING PHOTOFACT LIBRARY

THIS EASY-BUY WAY

September, 1962

CircuiTrace” savescountless
hours of foil tracing time. This
exclusive Sams system pin-
points junctions and test
points on schematic and
printed board.

Field Servicing Notes spell
out locations of adjustments
for speedy *"'in home'* serv-
icing. Saves time spent in
hunting for hidden ad-
justments.

Clear Parts Symbois with val.
ues and associated informa-
tion are shown plainly on the
schematic—no time wasted
in cross-reference “'look-up."

Full Photo Coverage of the
actual equipment makes
identification of all compo-
nents and wiring easy—you
can see everything.

Disassembly Instructions,
step-by-step, help you re-
move difficult chassis, sub-
chassis, and assemblies in
minutes.

TUBE PLACEMENT!

Famous Standard Notation
Schematic saves valuable
hours—always uniform, ac-
curate, complete for every
model.

Tube Location Guide enables
you to locate and replace
proper tubes in seconds—a
big time-saver on most re-
pair jobs.

Waveform actual photos are
shown onschematicforquick
comparison of patterns on
your scope. No time wasted
in guesswork.

Terminal Identification
saves you time; transformer
and coil terminals quickly
identified by color code or
basing diagram shown on
schematic.

Dial Cord Stringing instruc:
tions save you up to an hour
or more of time and head-
aches on a single job.

TCOMPIMINT CONMIETION
VERTICAL OV Fy?

Exact Terminal Connections
are indicated—no need for
trial-and-error methods-—a
real time-saving feature.

Tube Failure Check Charts
spell out probable tubes re-
sponsible for failure—no
need to waste time studying
circuitry.

Unique Alignment System
eliminates guessing; you get
complete instructions with
response curves, how tocon-
nect test equipment, proper
adjustment sequence.

Auto Radio Removal instruc-
tions show you step-by-step
procedure for removal of
even the most complicated
models—a big time-saver.

Alternate Tuner Data—sep-
arate schematics, alignment
data and parts lists are pro-
vided—no time wasted inter-
preting various tuner ver-
sions.

You'll find dozens of other invaluable time-saving

features in PHOTOFACT. Own the complete Library

—so0 you can put your hands instantly on all the

The pHoTOFACT Library more than
pays for itself from the first day you put
it into your shop. It gives you instant
time-saving help on more than 52,000
listings of TV, radio, hi-fi and other home-
entertainment equipment-—virtually any
model made since 1946. You can own &
PHOTOFACT Library this special Easy-
Buy way:

e NO INTEREST

¢ NO CARRYING CHARGES

e ONLY $10 DOWN

e UP TO 30 MONTHS TO PAY

You get FREE file cabinets with your
PHOTOFACT Library-—so you have all
you need for time-saving, money-making
service work right at your fingertips. Get
the full PHOTOFACT Library details today.

CIRCLE NO. 136 ON READER

quick help you need for any job on your bench!
Start a Standing Order Subscription
today—keep up with current model
output! See your Sams Distributor

for full details or send coupon now.

SEND

COUPON

HOWARD W. SAMS & CO., INC.

My Distributor is:.

Shop Name__

Howard W. Sams & Co,, Inc,, Dept. 5-J2
4300 W. 62nd St., Indianapolis 6, Indiana

) Send full information on Easy.Buy Plan
] Enter my Photofact Standing Order Subscription

&

Attn

Address -

City .

___Zone State

L T ——

SERVICE PAGE

www.americanradiohistorv.com
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> Get in on the big, new

> N SAVE :

74

STAMP PLAN!

ELECTRONIC TUBE

N | (o |RAE ] L 55 STVANIA iy SYLVANIA

ELECTRONIC TUBE - = ELECTRONIC TUBE

A Sylvania exclusive from your participating Distributor

Big news for dealers who appreciate Sylvania quality things you and your family have been meaning to buy.
and what it means to bigger service profits. Now you Get them free. Get them faster, if you're one of the
can profit and save at the same time through the many millions of families already saving S&H Green Stamps.

Distributors participating in Sylvania's big receiving Select your gifts from the big new 144-page S&H cata-
tube stamp plan. log that's chock-full of America's most valued merchan.
Start saving America’s most valuable stamps for the dise. Everything from home furnishings to fabulous furs.
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when you buy
Sylvania Receiving Tubes

NP B N R RS O i, Y S TR
Now! Get S &H Green Stamps §
C

o Select S&H Gifts from this big
new catalog—available
from participating
Sylvania Distributors.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS \&55)
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AUDIO PRODUCTS

Eico MX-99 Multiplex Adapter

Fisher FM-100-B Multiplex Tuner (page 16)
Roanwell Stereo Phones {page 92)

Sencore PS120 Oscilloscope (page 92)

Eico MX-99 Multiplex Adapter
For copy of munufacturer’s brochure, circle No. 57 on coupon (puge 19).

THE Eico MX-99 multiplex adapter

features novel circuitry as well as
operating conveniences not often found
in low-priced adapters. The MX-99 cir-
cuit is basicatly a matrixing type, in
which the difference (L—R) signal is
combined with the sum (L+R) signal
to produce left- and right-channel out-
puts. Unlike ordinary matrixing adapt-
ers, it does not use filters to separate the
main and sub-channel information be-
fore they are processed.

One of the chief limitations of
matrixing-tvpe multiplex adapters is the
inevitable phase shift in practical filters.
This causes a reduction in channel
separation at higher modulating fre-
quencies. Also, the relative phases of
the sum and difference signals must be
precisely controlled for good separation.
Eico engineers took advantage of the
fact that the total composite detected
signal, including both main and sub-
channels, may be demodulated to pro-
duce only the (L—R) information, The
only requirement for this is that the
demodulating waveform have zero aver-
age value (no even-order harmonics).
The omission of a 23- to 53-kc. bandpass
filter, used in other matrixing adapters
to separate the sub-channel before de-
modulation, eliminates the phase shift
and loss of separation occurring at this
stage.

The MX-99 has an input amplifier
with a very high input impedance to
minimize loading of the tuner detector
circuit. A 19-ke. tuned amplifier isolates

14

the pilot carrier, which is then detected
in a full-wave diode cireuit. The d.c.
component of the detected output, after
amplification, operates a neon indicator
lamp to show that a station is transmit-
ting in sterco. The a.c. component,
largely 38 kc., synchronizes a 38-ke.
oscillator. This oscillator mav bhe
switched off when listening to mono
broadcasts, although this is not neces-
sary.,

The total composite signal is taken
from the plate of the input amplifier and
passed through a phase splitter. The
outputs of the inverter, which are 180
degrees apart in phase, are combined in
a balanced diode ring modulator with the
38-ke. oscillator signal to produce the
(L—R) information. This, in turn, is
combined with the (L+R) and
— (L+R) outputs from the phasc split-
ter to produce L and —R signals, De-
emphasis is also applied to bhoth sum and
difference signals at the point of com-
bination. The —R signal is inverted by
another stage, after which the L and R
channels are filtered to remove any 19-ke.
pilot carrier. Low-impedance cathode-
follower outputs drive the associated
amplifier.

The channel separation is adjusted by
a front-panel control which varies the
level of the difference signal before com-
bination with the sum signal. If there
should be a phase error in the injected

TESTED BY HIRSCH-HOUCK LABS

We tested a kit-built Eico MX-99
{construction time: 10 hours) with
stereo composite signals derived from
an H. H. Scott Model 830 multiplex
signal generator. The frequency response
was very flat up to 10 ke., falling steeply
above that frequency. This was due to
the 19-ke. traps in the output circuits.
Most of the reduction in output occurred
above 12 ke, so it was not particularly
audible.

As originally constructed, the channel
separation was about 23 db at 1 ke, de
creasing to 16 db at 30 cps. The separa-
tion fell off to about 5 to 8 db at 10 ke.,
and there was little or none at higher
frequencies. In an addendum to the man-
ual for the MX-99, it is pointed out that
the input circuit is compensated for
phase shift and loss of high-frequency
response in Fico tuners, as well as other
relatively narrow-band tuners. If the
MX-99 is to be used with a wide-band
tuner, a capacitor (Cs) in the input is
to be clipped out. We first went through
the recommended alignment procedure
to attempt to improve the separation
This is a rather tricky operation, which
we would not recommend for the aver-
age user, Finally, we resorted to using
the multiplex signal generator to align
the MX-99 and obtained an improve-
ment of 3 or 4 db in mid-range separa-
tion. This is not enough improvement,
in our opinion, to warrant disturbing
the factory-aligned coils

Removing the compensating capacitor
made a dramatic improvement in high-
frequency separation. From about 300
¢ps to 3000 cps the separation exceeded
25 db (typically 28-29 db). At 10 ke. it
was 21 db on one channel and 28 db
on the other. At 15 ke. it was 10 to 12
db, which is more than adequate.

38-kc. carrier. a re-adjustment of this The MX-99 required about 1 volt
control restores proper separation. rams. of composite signal for proper
+ By T BB T = - T i T o
HILMHEE A e e i s e
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365 Days From Now Your Future

In Electronics Can Be Assured

Join the Men Who Have Moved UP Through
Cleveland Institute’s Accredited Training Program

What You Already Know About Electronics . . .
Radio . . . Television PLUS additional knowledge in
modern electronic applications . . . advanced theory

. . slide rule math—will qualify you for the thou-
sands of unfilled jobs open to advanced technicians
and engineering assistants.

Respond to Your Natural Desire to Learn
More About . . .

¢ Basic Math ¢ Color TV e Industrial Electronics o
Radio Telemetry o A.C. Circuit Analysis o Radar o
Advanced Measuring Techniques ¢ Instrumentation
o Pulse Circuitry e Automation o Computers o
Semiconductors

. all covered in the Master Course in
Electronics.

Resolve Now to Im-
prove Your Future
in the Next 12
Months. Start To-
day by Sending for
our free booklet . . .
“A Successful Plan for Electronics Training”.
See for Yourself How Cleveland Institute
prepares you to successfully pass the FCC
Commercial Examination and assures you of
a more profitable future in electronics.

sLaCTRENIGS

Yours To Keep—Free!

This Handy Pocket Guide. Conver-
sion factors, formulas, tables and color
B codes at your fingertips. Yours with-
out obligation, simply for responding
NOW to this opportunity to improve

your future.
."-".'\'
N/
|~ B

Cleveland
Institute of ~
HElectronics

1776 E. 17th St., Dept. EW-69, Cleveland 14, Ohio

VTED
o ",

Accredited by the Accrediting Commission

<~ %,
of the National Home Study Council Y \1i=c
(An_Accrediting Commission Approved by 3 H
the U. S. Office of Education.) ) &

A
#, o
Caeg g7V

September, 1962

Men who are trained in electron-
ics are the men who can qualify
successfully for a First-class FCC
License (Commercial) witharadar
endorsement; and men who hold
this license are in demand for
better jobs TODAY . .. and will
be in demand TOMORROW.
Carl E. Smith, E.E.
Chairman of the Board,
Cleveland Institute

Your Passport to a Brighter Future . . . Your FCC
Commercial License . .. or your money back.

Completion of the Master Course will prepare you for
a First- Class Commercial Radio Telephone License
with a Radar Endorsement. Should you fail to pass
the FCC examination for this license after successfully
completing the Master Course, you will receive a full
refund of all tuition payments. This guarantee is valid
for the entire duration of your enrollment agreement.

ﬁ
%

@@@@@@%@@@@@@%&@@ﬁﬁ&%

I want to know more about your electronics home

. study training program. Please send me your free
booklet described above plus your handy pocket
Electronics Data Guide. I understand there is no
obligation. I have had training or experience in
electronics as indicated.

Mail Coupon TOo — — = 3
Cleveland Institute of Electronics
1776 E. 17th St., Dept. EW-69, Cleveland 14, Ohio

[ Mititary [ Amateur Radio

{0 Radio-TV Servicing [ Broadcasting

[ Manufacturing [0 Home Experimenting

O Communications [ Other

I'm now working in___

I want to know about the following area of electronics

{please print)

Name. - N Age._
Address. - o _ S
City____ B _Zone. State

www.americanradiohistorv.com
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6AF4A

WON'T JUST ANY 6AF4A DO?

All 6AF4A tubes are designed for UHF applications — the Sonotone
6AF4A even more so! And when you're up around 800 megacycles, the
extra stability you get with the Sonotone 6AF4A can make a world of
difference in the performance of the unit.

There are any number of problems which the tube can introduce in a
UHF oscillator circuit — drift, spurious oscillation, general instability
and just plain malfunction. Whether or not they arise depends upon the
tube you use. The Sonotone 6AF4A performs as it does because the
manufacturer has taken unusual pains to maintain certain standards.

Every Scnotone 6AF4A is individually evacuated. A mechanically defec-
tive tube cannot contaminate the others. And any defective tube will be
automatically rejected in the tests to which each tube is subjected.

More manufacturers of UHF tuners and converters specify the Sonotone
6AF4A than any other single make. Their engineers have learned that
they can rely on the extra quality and performance which Sonotone engi-
neers into its tubes. Next time you have to replace a 6AF44, it
makes sense to use a tube that will protect you from callbacks.

Just as in the 6AF4A — there’s something extra engineered into all
Sonotone tubes. It stands to reason that, as the first electron tube manu-
facturer to qualify for complete RIQAP (Reduced Inspection Quality
Assurance Program) participation by the U. S. Army Signal Corps,
Sonotone engineers a top quality tube. Sonotone offers more than 200
tube types; including many hard-to-get European tvpes — home enter-
tainment and industrial. All conform to the same high standards and
are your key to replacement profits. Replace with Sonotone.

SONOTONE®" CORPORATION

ELECTRONIC APPLICATIONS DIVISION e ELMSFORD, NEW YORK

Cartridges » Speakers ¢ Tape Heads ¢ Microphones e Electron Tubes ¢ Batteries o Hearing Aids
CIRCLE NO.140 ON READER SERVICE PAGE

www.americanradiohistorv.com

svnchronization of the 38-kc. oscillator.
Caretul peaking of the 38-ke. trans-
former T- improved the sensitivity so

that it would svnchronize on a 23-volt

| signal. If the signal {at maximum modu-

lation) exceeded 1.5 to 2 volts, excessive
distortion occurred in the adapter cir-
cuits. This limits the application of the
MX-99 to tuners with detector outputs
between 1 and 2 volts at maximum
modulation. Presumably Eico tuners are
designed to meet this reqquirement. The
adapter gain was 6 db, delivering 2
valts output from a 1-volt input signal,
Its internal hum was 47 db below 2 volts.

We found that the required setting of
the sepuration control varied consider-
ably as the unit warmed up. At first, a
setting of 2 to 3 was optimum, changing
to 5 after warmup. This is the indicated
“normal” setting. Separation was also
stronglv affected by very low pilot car
rier levels. This signal level is below the
point one would consider nornal opera-
tion. The unit does, however, have a
front-panel separation control which can
be re-adjusted for maximum separation
even under these conditions.

We performed listening tests by
modulating our multiplex signal genera-
tor from stereo disc programs to simulate
the output of an ideal tuner. It sounded
quite good, with little evidence of the
limited separation and loss of response
at high frequencies, even in its original,
unmodified condition. Adjustment ot the
separation control is rather difficult un-
less a station is known to be transmitting
on one channe! only, hut this is a prob-
lem common to any multiplex adapter
having such a control.

The Eico MXN-99 sells for $39.95 in
kit form or $64.95, factory-wired. A

Fisher FM-100-B
Multiplex Tuner
For copy of manufacturer’s hrochure,
circle No. 58 on coupon (page 19).

HE Fisher FM-100-B is a wide-band

FM tuner with built-in multiplex
circuitry. Tn addition to high electrical
performance, it features adjustuble inter-
station muting and automatic stereo/
mono selection.

The FM-100-B “Golden Cascode”
front end uses a 61]8 cascode r.f. ampli-
fier and a BAQ8 dual triode mixer/
oscillator. There are three 6AUG if.
stages, the last of which also acts as a
limiter for verv strong signals. Two more
stages of limiting and a wide-band ratio
detector complete the r.f.-i.f. tube
line-up. The inter-station muting uses an
r.f. oscillator which is gated on in the
ahsence of a signal at the second limiter
grid. The oscillator output is rectified
and used to cut off the third limiter
stage. A signal ahove the selected thres-

(Continued on page 20)

ELECTRONICS WORLD
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To assure ADVANCEMENT or to
turn your hobby into a new and

PROFITABLE CAREER 1 the fast
orowing field of ELECTRONICS

you should 1nvestigate
Qualify for Higher Pay
o ae v | the NRI Home-Study

tronics you select, you’ll find that NRI training

is the time-proved way (o get into this interesting
and fast growing industry.

Courses 1n Industrial
Electronics, Radio-1V

Servicing, Radio-TV

Training Equipment Included Communicatlons There is an

When you learn Electronics through NRI you use

scientifically developed “learn-by-practice’” meth- immediate and growing need for trained Technicians in many branches of
ods. At no extra cost, NRI sends special equip- Electronics. In fact, four to seven trained Technicians are needed for
ment that gives aC“_J’?l ‘experience, makes theory every graduate engineer. Better than average jobs await you in the fast
you learn come 10 lif¢ in an casy-to-grasp, inter- growing industry of the 1960’s . . . offering high pay and prestige,
esting manner. You perform a wide variety of ; 2 . .

experiments working with basic circuits and com- interesting work and a bright future. Join the thousands of NRI graduates
ponents. All cquipmcm is yours to keep who have benefited from career opportunities in this Electronic Age.

Mail the postage-free card today.

Turn Page for Facts on NRI Courses
Cut Out and Mail—No Stamp Needed

Q /
#)| NATIONAL RADIO INSTlTUTE
m Washington 16, D. C. “'he Amal“‘g

Please send me your Electronic, Radio-TV catalog with- | F‘e‘d o
out cost or obligation. 1 am interested in course checked

below. (No salesman will call. PLEASE PRINT. } 2 i
[d Industrial Electronics [0 FCC License \‘E\ecirm“‘cs
\

O Radio-TV Servicing [J Communications

.

Oldest and Largest School

For nearly half a century, NRI has featured Elec-
tronics training, progressing from Radio and Tele-
vision servicing and communications to Industrial
and Military Electronics. As the oldest and largest

A
home-study school of its kind, NRI can supply Name ER
training at reasonable cost. Monthly payment d
plans. Take the first step toward a successful Addre

career now. Mail postage-free card. Get NRI
CATALOG without cost or obligation. National
Radio Institute, Washington 16, D.C.

City Zon State 5 m !
5

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
Approved for Veteron's under Korean GI Bill
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PICK THE CAREER YOU WANT

IN THE WONDERFUL FIELD OF ELECTRONICS
TRAIN AT HOME WITH THE LEADER

INDUSTRIAL ELECTRONICS TELEVISION-RADIO SERVICING

Prepare for a career as an Elec-
tronic Technician in industry,
business, government, the mili-
tary, with this NRI course in
Electronics—Principles, Prac-
tices, Maintenance. Computers,
telemetry, automation, missiles,
rockets all employ the same
basic principles . . . and that is
what this NRI course stresses
with illustrated lessons, special
training equipment.

(INCLUDES COLOR T
NRI’s llme-lcslcd course in

Servicing not only trains you to
fix radios, TV sets, hi-fi, etc.,
but also shows you how to earn
spare-time money starting soon
after enrolling. Fast growth in
number of sets, color-TV, stereo
means money-making oppor-
tunities in your own spare-time
or full-time business or working
for someone else. Special train-
ing equipment inciuded.

TV-RADIO COMMUNICATIONS FCC COMMERCIAL LICENSE

In the NRI Communications
course you get actual experience
as NRI prepares you for your
choice of Communications fields
and an FCC License. Com-
mercial methods and techniques
of Radio and TV Broadcasting;
teletype; facsimile; microwave;
radar; mobile and marine radio;
navigation devices; FM stereo
multiplexing are some of the
subjects covered. You work with

special training equipment,

41 SEE OTHER SIDEEK

|
|
|
|
|
|
|
4

FIRST CLASS
PERMIT
NO. 20-R
{Sec. 34.9, P.L&R)
W ashington, D.C.

BUSINESS REPLY MAIL

ND POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES |

POSTAGE WILL BE PAID BY
fek
National Radio Institute
3939 Wisconsin Avenue
Washington 16, D.C.

For men with Radio-TV expe-
rience who want to operate or
service transmitting equipment
used in broadcasting, aviation,
marine, microwave, facsimile or
mobile communications. A Serv-
ice Technician is required by law
to have an FCC License to work
on C-Band, other transmitting
equipment. From Simple Cir-
cuits to Broadcast Operation,
this new NRI course trains you
quickly for your Government
FCC examinations.

Job Counselors Recommend

Today, a career in Electronics offers unlimited oppor-
tunity. Job counselors advise, “For an interesting
career, get into Electronics.” The National Associ-
ation of Manufacturers says, “There is no more in-
teresting and challenging occupation in American
industry.”

When you train for a career in Electronics through
NRI home-study methods your home becomes your
classroom, and you the only student. You pick your
own study hours, study when you want, as long as
you want. No need to give up your job or go away to
school. And there are no special requirements of pre-
vious Electronics experience or education. Train
with the leader. Your NRI training is backed by
nearly 50 years of success. Mail the postage-free
card. National Radio Institute, Washington 16, D.C.

{ MAIL POSTAGE-FREE CARD NOW
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READER SERVICE CARD

Please use the coupon at the bottom of this page to obtain more in-
formation about products advertised in this issue.

Simply circle the number on the coupon that corresponds to the
number at the bottom of the advertisement in which you are inter-
ested.

Additional information on items mentioned in “New Products & Lit-
erature for Electronics Technicians” can also be obtained by following
this same procedure.

PRINT your name and address on the coupon and mail it to:

ELECTRONICS WORLD
P.0. BOX 7842
PHILADELPHIA 1, PA.

TOTAL NUMBER

P.0. BOX 7842

PHILADELPHIA 1, PA,

OF REQUESTS

Void After

ELECTRONICS WORLD

Sept. 30, 1962

Please send me additional information concerning the products of the advertisers
whose code numbers | have circled.

100 100 102 103 104 105 106 107 108 109 10 W N2 13 N4 N5 16 17 g Ne
120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139
140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159
160 161 162 163 164 165 146 167 168 169 170 171 172 173 174 175 176 W77 18 79
NEW PRODUCTS & LITERATURE 1 2 3 4 5 (] 7 8 9 0w n 12 13 14 15 16
7 18 19 2 2N 22 23 24 25 260 27 2 29 30 AN 32 33 34 35 3 37 38
39 40 4 42 431 M 45 46 4 48 49 50 N 52 53 54 55 56 57 S8 59 &0
(Key numbers for advertised products also appear in Advertisers Index)

NAME

ADDRESS

cIry IONE STATE

September, 1962
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FOR THE ULTIMATE
IN AUDIO TAPE

RECORDING

7

... Known and used the worid
over to satisfy the most
demanding requirements for
performance and reliabitity
in audio recording and repro-
duction.

agnecord

728 STEREO

The professional

| standard. 7V2 and
15 ips. Superior
performance

in all areas.

748 STEREOQ

The Olympian . ..
champion of
recorders. 3% and
7V2 ips. 4-track play
and record.

THE PT 6
The rugged, reliable
“Workhorse” of the
broadcast industry.

THE P 75

“The Editor™ , , .
includes all of the
capabilities of the PT
6 plus extended
performance and
utility.

THE M 90
“Mighty” in all
performance
characteristics.
Magnecord’s finest
tape instrument.

Represented by leading audio
dealers and industrial elec-
tronics distributors. Write
today for additicnal informa-
tion regarding your specific
requirements.

WRITE TODAY FOR
MORE INFORMATION

MAGNECORD SALES DEPARTMENT

MIDWESTERN INSTRUMENTS

P. 0. BOX 7503 * TULSA 35, OKLAHOMA
CIRCLE NO.126 ON READER SERVICE PAGE
o

EW Lab Tested

(Cantinued from page 16)

| .3' 83 .g*..
e

hold level cuts off the oscillator and re-
stores the tuner to normal operation,
The “Stereo Beacon” feature uses the
rectified 19-ke. pilot carrier of an FM
stereo transmission to operate a relay
which connects the tuner output jacks
to the left- and right-channel outputs of
the built-in multiplex decoder. A green
light on the panel indicates that a stereo
broadcast is being received. If there is
no pilot carrier, the two outputs are
paralleled and taken from a separate, de-

Feew=d e

TERTEEEIT T

STl UM, DISTORT il RE 100% Lai
T v i Ty il
=

Ir:IJPuTt.;ﬂICRC;._\;bLT:.- s
emphasized output ahead of the multi-
plex circuits.

The multiplex portion of the FM-
100-B is basically of the switching type,
using three dual-triodes, two four-diode
modulators, and a pair of diodes which
prevent the “Stereo Beacon” from trig-
gering on inter-station noise. There is a
factory-set separation control on the
chassis. A stereo noise filter. operated by

a front-panel switch, mixes the two chan-
nels at high frequencies, reducing the
effect of sub-carrier noise modulation,
at some sacrifice in channel separation,

The front panel of the tuner. finished
in brushed brass to match the other
Fisher products, has four controls. The
“Selector” sets the tuner for mono. auto-
matic stereo/mono, or stereo noise-filter
operation. A “Muting” control, which
may be switched off, sets the threshold
above which the muting circuits allow
signals to pass. The a.c. power switch
is combined with a sensitivity switch
which reduces sensitivity approximatelv
seven times to prevent overload from
strong local signals. Finally. the tuning
control operates a velvet-smooth fly-
wheel dial with a legible, linear scale.
An illuminated tuning meter reads maxi-
mum when the station is tuned in cor-
rectlv. On the rear apron of the chassis
are individual channel-level setting con-
trols.

Considered as an FM tuner alone,
the unit proved to be an outstanding
performer, Its limiting action was ex-
tremely sharp, with full limiting oc-
curring at less than 3—gv. input. The
THFM usable sensitivity, rated at 1.8
av., measured 2.1 uv. This is within the
normal limits of measurement error. The
same comment applies to most of its
other specifications, including capture
ratio (3 db measured ts 2.2 db rated).
FM harmonic distortion at 100%2 modula-
tion {0.47% vs 0.4%), and FM hum level

(Contintted on page 92)
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MODEL 100 A TRANSCEIVER WITH
NEW DYNAMIC MICROPHONE

EXTERNAL SPEAKER S/METER

CLIPPER/FILTER AMPLIFIER

International’s new Model 100 A is the latest in
the outstanding line of Executive transceivers.
The advanced design Executive features a tran-
sistor power supply, new perforated metal
cabinet, and a new rugged microphone . . . all
of which contribute to a2 more reliable mobile
operation.

The Model 100 A . . . the finest of its kind, also features:

e Crystal filter for improved receiving ® Twelve crystal
controlled transmit positions e Two crystal controlled
receive positions e Duval conversion Superheterodyne re-
ceiver tuning 23 channels ¢ Built-in calibration circuit
e N R squelch & Provision for connecting external
speaker and s/meter e Push-to-talk operation ® Transis-
tor power supply operates from 6/12 vdc or 115 vac

Model 100 A, complete with 1 transmit crystal,
1 receive crystal, and microphone ... ... .%$199.50

External Speaker and S/Meter

The perfect companion for the International Executive
Model 100. Utilizes a high impedance vacuum tube volt
meter circuit. Connects to socket on rear of transceiver.
S/meter reads in three ranges. Brown cabinet, brown
and silver panel matches Executive transceiver.
Complete with interconnecting cable.. . ... ... $49.50

Executive Speech
Clipper/Filter Amplifier

A microphone amplifier designed to increase average
modulation . . . limits modulations peaks . . . filters

INTERNATIONAL MODEL 100 A EXECUTIVE TRANSCEIVER

audio frequencies above 2500 cycles. Permits arms-
length microphone operation. Power requirements: 12
vac or 12 vde.

Complete with interconnecting cable ... .. ..$36.50
12.6 VAC, 2 Ampere Power Unit

Base station power unit for Speech Clipper/Amplifier.
Operates from 115 vac. Provides 12.6 vac at 2 amperes.

Complete with mounting chassis, power cord,
fuse, switch,

.$12.50

Citizens Band licensees with International
equipped stations know the unquestioned
superiority and advantages of Executive trans-
ceivers and their system engineered accessories.

See your authorized International dealer today.
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UNCOMPROMISING ENGINEERING CREATES THE BEST BUY...EICO

NEW ADVANCED GENERAL PURPOSE
5" OSCILLOSCOPE #427
Kit $69.95 Wired $109.95
Yertical amplifier with 3 push-pull stages, direct
coupled throughout; 4-position, frequency-com-
pensated V input attenuator; internal calibrating
voltage. Recurrent sweeps from 10cps-100ke in
4 overlapping ranges; choice of int. +, —,
60cps, or ext. sync: fully automatic sync. opera.
tion; full retrace blanking. Intensity, focus and
astigmatism controls on panel. Sharp, clean,
non-biooming trace. Instantaneous, drift-free po-
sitioning. Convenient direct ptate connections.
V amp: 10mv p-p/cm sens.; ftat dc-500kc, —6db
at Imc; 1 meg input Z, H amp: 0.5V p-p/cm
sens.; 2cps-350ke flat response; 10 meg input Z,

AC YTYM & AMPLIFIER #250

Kit $49.93 Wired $79.93
Highly sensitive, reliable AC VIVM & wideband
amplifier. Measures 100 microvolts to 300V In
2 ranges; 10¢-600kc =0db response, 10 meg-
ohms input Impedance, *=3% accuraty. Wide
band amplifier switch-controlled for external use:
8¢-800ke response, SYRMS output, 5K ohms oul-
ut impedance, gain control, noise —40db.
rame-grid triode cathode foilower Input circuit,
freq.-compensated input atienvator, cathode cir
cult attenuator. Regulated power supply,
AC YTVYM #2385  Kit $44.55 wired $12.85
All the precise VTVYM facilities of the #250 less
external use of the wide-band amplifier.

, S
— T,

*Formerly designated as #1260,

AC VOLT-WATT METER #243°
Kit $49.98 Wired $79.95

AC voltmeter & load-compensated sudid watt-
mater of unlque quality. Measures AC voltages
from 1mv to 100CY in 11 ranges, power from
.015mw to 150W in 7 ranges, across standerd
loads from 4 to 600 ohms. Tapped power resistor
load (4, 8, 16 and 600 ohms) handles up to BOw
on 8 ohms and 40W on other taps: Switch to
external tosd up to 150W. Meter sutomatically
compensated for any load selected, internal or
external, to provide single watt scale.

VACUUM TUBE VOLTMETER #222
Complete with exclusive dual-purpose Uni-Probe®
(U. §. Pat)

Kit $27.95 Wired $42.95

Entirely slectronic, direct reading measurement
of resistance, and AC & DC to 1500V in 5 ranges.
May be calibrated without removal from cabinet.
Compiete electronic overioad protection, plus
fuse, 1% pracision ceramic resistors. Exclusive
AC/DC Uni-Probe® selocts DC or AC-Ohms. DC
voltmeter Input impedance 11 megohms, accy-
racy 3%, AC voitmeter input impedance 1
megohm, accuracy 5% . Ohmmeter 0.2 ohms to
1000 rpegohms in S ranges.

IN-CIRCUIT CAPACITOR TESTER #953%
Kit $19.9% Wired $39.93

Tests capacitors In the circuit without unsolder-
ing. Checks for shorts, {even in the gresenco of
as little as 1 chm shunt resistance). Checks open
units (as littie as SMMF In the circult). Measures
capacitance with 10% accuracy between 0.1mf
and 50mf. Measures RC product, convertible into
dissipation or power factor, Utlfiles electron-ray
lube EMB4/6FGE with sharp bar pattern. Line
2djust contro) permits maximum sensitivity re-
gardiess of line voltage variations.

2\

TRANSISTOR & CIRCUIY TESTER #680

Kit $25.95 wired $39.08

Measures ICEQ, ICBO & OCS directly, ACS in-
dlrtcll‘y. without charts or speclal settings—
plus all dc volts, currents & resistances needed
to service transistor aquipment, Bnt!ery:omend.
50uA, 32" face meter movement provides sensi-
tivity & scale length necessary for sccuracy.
Bviltiin 20,0000V YOM facilities free your other
test equipment.

Liaten to the EICO Hour, WABC-FM, N. Y, 95.5 MC, Mon.-Fri., 7:15-8 P.M.
Export Dept., Roburn Asencies Ine., 431 Greenwich 8t., New York 13

VISIT EICO ROOMS 518 & 522, NEW YORK HI-FI & MUSIC SHOW, OCT. 2-7.

CIRCLE NO.

d 5% In Waat,

1< city

110 ON READER SERVICE PAGE

Extra-Low
Rippla

6 & 12 YOLT

BATTERY ELIMINATOR & CHARGER #1064
Kit $43.95 Wired $52.85
Heavy-duty 2-rénges for operating any mobile
radio & transceiver Including transistor or "'hy-
brid™ types. Also usable as charfer for sithes
6 or 12 volt batteries, variable transformer pro-
vides continyous output adjustment. 2 meters
simultanecusly observe oufput voltage and cur-
rent. Ratings: 0-8v: 10A continuous, 20A Inter
mittent; 0-16V: 6A cont., 104 interm. AC rlDdPln
0-16V range: 0.3% 2A, 1% @ GA. Heavy-duty
nllenlum rectifiers, & aytomatic reset overload
relay.

METERED VARIABLE
AUTO-TRANSFORMER AC BENCH SUPPLIES

#1073 A rati Kit 5 wired w".
¢#1078: 7v4A rating Kit $42.95 Wired .83
For study of components under varylng line condi-
tions. Dellvers any voltage u: to 140VAC with
lnear variation of output throughout entire
range. Smooth rotary brush-tap controlled by
panel dial_Highly efficient variable toroidal core
design. Auto-transformer. No waveform distortion
or voltage drop from no-lcad to full load. Seps-
rate output ammeter & output voitmeter,

e o

TUBE TESTER ADAPTOR #610

Kit $5.98 wired $11.93
Adapts EICO models 825 or 666 tube testers for
testing the following new tube types: nuvistor
5 pin; nuvistor 7 pint novar; 10 Pin miniature;
compactron; 12 pin. Included are roil-chart sup-
plements for both 625 and 666 models.

®

EICO ELECTRONIC INSTRUMENT CO., INC.
3300 NO. BLVD,, LI.C. 1, N. Y.

EICO, 3300 N.Blvd,, L.1.C. 1, N.Y.

[ Send free 32.page catalog &
Distributer’s name,

[J Send Free Schematic of Model No.

O Send new 36-page GUIDEBOOK TO HI-F1
for which | enclose 25¢ for postage & handling.

Name
Address

Zone ... State

Over 2 MILLION EICO Instruments In use.
Most EICO Daealers offer budget terms.

ELECTRONICS WORLD
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New exotic power sources will
supply all electrical needs

of space vehicles. These cells
produce electricity directly

from chemical reactions with
efficiencies far greater than

any other non-nuclear power system.

By KEN GILMORE

Tuel
~cells

HEN the “Cemini” space eraft

with its two-man crew orbits the

earth sometime in 1963, the elec-
tric power to operate its elaborate electronic
and life-support equipment will come from
an exotic new source: a newly developed fuel
cell. The “Apollo” space ship, our entry in
the moon sweepstakes, will also draw fuel-
cell power.

The Navy, meanwhile, is financing (e-
velopment work on a fuel-cell-powered sub-
marine. Like an atomic sub, it could stay
submerged practically indefinitely, but would
be far quieter and harder to detect. Further-
more, it would cost much less to operate.

Fuel cells will soon be pouring their pow-
er into devices designed for the civilian
market, too. Allis Chalmers Company has
announced plans to market a fork-lift truck
driven by the potent power makers. (The
company demonstrated a prototype fuel-
cell-powered tractor more than two years
1g0.) And, although no one is ready yet to
make predictions as to when fuel cells may
appear in automobiles and trucks, their ad-
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WYDROGEN OXYGEN

WASTE (MYOROGEN,
WATER VAPOR)
==

WASTE (OXYGEN-
DEPLETED AIR)

—_——

ELECTROLYTE {POTASSIUM HYDROXIDE}

Fig. 1. Basic hydrogen-oxygen fuel cell consists of two porous
carbon electrodes submerged in electrolyte and supplied with gases.

CURRENT FLOW
TO
POSITIVE ELECTRODE

HYDROGEN
CHAMBER

&

Fig. 2. Hydrogen and hydroxide react in pores of electrode, pro-
ducing surplus electrons that flow toward the positive electrode.

vantages lead many engineers and scientists in the field to
helieve that most of us may ultimately drive fuel-cell-powered
cars.

Fuel cells, in fact, could bring about the biggest elec-
trical revolution since the dvnamo launched the electrical
age in the closing vears of the last century. The reason:
they generate far more electricity per pound of fuel than
any other non-nuclear method of power production. The
most modern turbine electric generating plants, for example,
strain to operate at 40% efficiency, that is, to turn 40% of
the energy stored in the fuel into usable electrical power.
Automobiles run at about 20% efficiency, motor hoats at
10%. Present-dav prototvpe fue! cells, on the other hand,
wring 50 to 85% of the potential power out of every pound
of tuel.

24 ELECTRONICS WORLD

Even though the excitement about them is relatively new,
fuel cells themselves are not. Sir William Grove, an English-
man, built the first primitive model in 1839. A half century
later, two of his countrvmen, Ludwig Mond and Carl Lan-
ger, developed a more advanced model, dubbed it a fuel cell.
But the electric dvnamo was just coming into its own at
that time and it captured the attention of scientists and en-
gineers, Fuel to run the machine was plentiful, efficiency
wasn't important, and the dvnamo appeared simpler and was
easier to build.

Poor efficiency has plagued the dynamo through the years,
though, and there’s not much engineers can do about it.
The trouble comes from the fact that in the process of re-
leasing the energv of the fuel, we throw most of it awav.
We extract the fuel's energy by burning it. The heat is con-
verted to mechanical energy by a turbine or some other
heat engine, the engine drives a dynamo which generates
electricitv. Energy is wasted at everv step.

The fuel cell eliminates the efficiency problems of the
dvnamo by skipping the heat cvcle entirelv: it transforms the
potential energv stored in the chemical honds of the fue!
directlv into electrical energy without the wasteful interme-
diate heat step. Theoretically, the fuel cell could have 100%
efficiency. Certain practical limitations, internal IR losses,
for example, make it unlikelv that we will ever reach this
point, but even today's relativelv crude devices have little
trouble achieving efficiency at least twice as good as the
nearest competitors, and, what is more, thev're getting hetter
all the time.

Battery with a Gas Tank

In drawing electrical energy directly from fuel through
a chemical reaction, the fuel cell is similar to its close rela-
tive, the storage batterv. But it is also different in important
ways. In a batterv, the “fuel” is built in, in the form of ex-
pendable or rechargeable electrodes. The fuel cell, on the
other hand, has its fuel fed in continuouslv from the out-
side. Because of this feature, it has been called a “battery
with a gas tank.”

The basic principle on which the fuel cell operates is
simple. Hydrogen and oxvgen combine to produce water.
Puring the process, thev release electrical energy which can
be tapped off to do useful work, Fig. 1 shows the basic
principle of the hvdrogen-oxvgen cell, one of the tvpes in
the most advanced state of development. It consists of two
hollow porous carbon electrodes immersed in a potassium
hvdroxide solution. Hydrogen is pumped into one electrode,
oxvgen into the other. A potential appears across the elec-
trodes and if a load is connected between them, current
flows.

How it Works

Hydrogen molecules consisting of two hvdrogen atomns
enter the negative electrode, flow into the tiny pores (10°
to 107" em. in diameter), come into contact with a catalyst
which splits them into two separate hvdrogen atoms. See
Fig. 2. The atoms then migrate along the surface of the

Fuel cell at Esso Research Center being prepared for testing.

w
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CATALYTH.
ELECTRODE

10N-EXCHANGE
M WL A E
(ELECTROLYTE)

Fig. 3. The ion-membrane fuel cell employs elecirolyte in
solid form in order to solve problem of contact stability,

pores to the reaction zone. At the same time, hvdroxvl (OH )
ions from the potassimn hvdroxide electrolyte have migrated
toward the reaction zone also. At this point, the hydrogen
and hydroxvl ions combine to form water and, in the process,
release electrons.

These electrons are attracted by the potential on the
positive electrode, and How through the load toward it,
doing useful work on the way. At the positive electrode,
atoms of oxvgen have flowed into the pores where they
combine with one water molecule from the electrolyte plus
the two electrons which have just arrived from the negative
electrode. This reaction forms perhydroxyl (O-H) and a
hydroxyl (OH ) ion to replace those being used on the
negative electrode. The hydroxyl ion now migrates through

COVER STORY

THIS month's cover shows a simplified schematic representa-
tion of a fuel-cell power plant designed by Pratt & Whitney
Aircraft for use in space flights. A photo of a model of the
actual power plant is also shown. The system will provide the
full electrical requirements of the spacecraft. Moreover, the
exhaust product is potable water—useful for all space crew
needs, including drinking.

Oxygen and hydrogen gas are supplied under modest pressure
to the fuel-cell assembly. Here a number of porous nickel elec-
trodes (only two are shown in the drawing for simplicity) are
submerged in a solution of potassium hydroxide. Chemical re-
actions occur within the cell, producing electricity, water vapor,
and heat. By using a number of cells in series, a higher output
voltage may be obtained. This voltage is then used to power
an external load. An excess of hydrogen removes the water
vapor and heat and transports it to the radiator-condenser
where the heat is rejected and the water vapor condenses
to form water droplets. These are removed by a pump-separator
and the water is stored in a tank for later use. The pump re-
circulates the exhaust hydrogen and returns it to the inlet
connection of the cell assembly.

Experience gained from space programs such as this should
accelerate the evolution of an economical fuel-cell power plant
using readily available fuels and adaptable to a wide variety
of industrial applications.

(Cover illustration: George Kelvin. Photo courtesy: Pratt &
Whitney Aircraft,)
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the electrolyte to the negative electrode to start the chain
all over again.

Actually, at ambient temperatures, these reactions take
place very slowly. Consequently, many early fuel cells—
and some present-day ones—operated at high temperatures
to speed up the process and produce more electricity. An-
other way to encourage rapid reaction is to supply the pro-
per catalytic agent.

Catalvtic Agents

Catalysis has alwavs been something of a “black art,”
dimly understood and imperfectly applied. But research in
recent vears has led to a more basic understanding of the
field. Consequently, fuel-cell engineers have been able to
find catalysts—usually fine particles of platinum or palladium
coating the carbon pores—which speed up the ordinary low-
temperature reaction by as minch as a million times. Using
such catalvsts, low-temperature cells can be built to deliver
practical amounts of power.

But there have been massive problems of chemical en-
gineering—just now being solved—which have kept the fuel
cell from being a practical power generator,

Saome Problems

In order to deliver usable amounts of power, for example,
a cell had to be designed in which large amounts of gases
and electrolyte could come together in a cell of practical
size. The porous carbon electrode, used in a cell designed

2
:
:
:

OXIDANT RESEMERATOR

HYDRDGEN AR OR OXYOEN

Fig. 4. "Redox’’ cell has two electrolytes separated by membrane.

by Union Carbide (Eceready) is one approach to this prob-
lem. Dr. DAL Gage, technical manager of Electrochemical
Products, showed the author a two-ounce bottle of carbon
pellets which could almost be concealed in a fist. “The carbon
in this bottle,” he said, “contains a surface area equivalent
to seven foothall fields.” Electrodes built of such carbon
provides tremendous amounts of reaction surface even in
small cells.

Perhaps the biggest problem to bedevil fuel-cell designers
is polarization—chemical changes at the surface of the elec-
trodes which tend to block off any further reaction. Many
apparently attractive fuel-cell combinations are completely
worthless because no one can figure out a way to stop ex-
cessive  polarization, In  the hydrogen-oxygen cell, the

25
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principal polarizing agent is the perhydroxyl mentioned
above. If unchecked, it will soon coat the positive electrode
and stop all further reaction. To combat it, scientists built
into the electrode catalyvsts which tend to decompose the
perhydroxyl as fast as it forms.

Another difliculty: elimination of water formed during
the reaction. It tends to dilute the electrolvte. Sometimes a
large amount of hvdrogen must be circulated through a con-
denser where the water is removed. Sometimes. the electro-
Ivte itself must be pumped through an external evaporator
to get rid of the excess water and maintain electrolyte con-
centration. Either of these methods, of course, involves un-
desirable extra mechanical equipment.

Despite these and many other engineering problems,
though, researchers have succeeded in building workable
cells. Union Carbide. tor example, built and delivered to
the Signal Corps in August 1957, a 1-kilowatt unit for evalu-

Soldier at right is shown loading a new fuel supply. Metal hy-
drides in the tank generots hydrogen to power the cell. This
unit supplies enough power for the portable radar set at left.

ation at the Army’s electronics proving grounds at Fort
Huachuea, Arizona. It was nsed to power the “Silent Sentry,”
a portable radar designed for battlefield use. The normal
gasoline-powered generator used to operate field equipment
is noisy enough to give away the unit’s position, so the Army
was looking for a completely silent power source. More
recently, Union Carbide has built an improved version which
delivers up to 100 amperes per square foot of electrode
surface. It has performed well for a two-yvear test period.
The compuny’s researchers say present units are even better,
although exact performance figures are secret.

Hligher Temperature, Higher Output

The low temperature, low pressure (roughly 100 to 170
degrees F at atmospheric pressure) units are relatively simple
in mechanical construction, but are limited in output power
capabilities. The chemical reaction, and consequently power
output, is increased substantially if a cell is operated at higher
pressures and temperatures.

One of the pioneer fuel-cell scientists, Francis T. Bacon
of Cambridge University, has been working on such a cell
since the early 1930%. The Bacon cell, which uses porous
nickel electrodes. operates at temperatures up to 300 de-
grees F and pressures of some 800 pounds per square inch.

Pratt & Whitney fuel-cell assembly consists
of a number of porous fuel and oxidizer
element plates through which gases pass.

FUEL (L(utn?7

PFORCUS SINTERED
PLAYE

GASKEY
ELECTAICAL CONTACT

- SuPPORY MaNIFOLD

VLt

. ﬁﬂ' OKIDIZER ELEMENT
2
B-POLAR PLATE

Under these conditions, it produces current densities up
to six times those available from the low-temperature cells.
Bacon cells have generated as much as 150 watts per pound
of weight. Because of this high power-to-weight ratio—lead-
acid storage batteries used in automobiles and planes put
out 10 watts per pound—several companies are looking into
the possibility of using the Bacon cell for electrical power
in airplanes. The weight savings could be significant. One
problem: the cell doesn’t begin to produce much power until
heated to about 300 degrees F, so engineers would have
to devise a fast, light. reliable heater before thev would be
practical. Once operating, the cell generates enough heut
to muintain proper operating temperature.

The Bacon cell has advanced so far that space planners
have chosen it as the electrical power source for the “Apollo”™
manned moon vehicle. A model of the tvpe which will be
used, built by Pratt & Whitney, is shown on the cover.

lon-Exchange Membrane

Another approach to fuel-cell construction which has
reached an advanced stage is the ion-exchange membrane
cell built by General Electric Company (Fig.3). The principle
of operation is similar to that of the standard hydrogen-
oxygen cell. The main difference is that the electrolyte has
been replaced by a solid membrane through which the ions
can migrate. The cell is compact and water formed dwring
the process is easily eliminated: it simply drips out of the
bottom. The unit uses less auxiliary equipment—pumps and
so on—than any other cell, and has no moving parts.

General Electric cells have already been built in several

Cut-away mockup of G-E fuel-cell powsr source that can provide
electricity and drinking water for astronauts. The type of sup-
ply shown will be used in NASA’s two-man spocecraft “Gemini,”

prototype models which have been tested by the military.
One 35-pound unit produces 200 watts of power, enough
to operate the Army’s PPS-4 ground surveillance radar.
Seventy-two pounds of fuel will operate the unit for a week.
It would take a half-ton of freshly charged lead-acid storage
batteries to do the same work. The unit produces 20 amperes
per square foot of electrode surface—a kilowatt per cubic
foot. Another G-E cell was sent into space on a test flight
in October 1960 and operated satisfactorily,

Pure-Fuel Problem

One of the problems associated with most hydrogen-oxygen
fuel cells is the fact that gases of high purity are required.
Impure hydrogen will speed up the polarization process and
poison the cell-sometimes quickly.

One approach to avoiding the need for ultra-pure gases
is the “Redox” cell-reduction and oxidation—shown in Fig. 4.

(Continued on page 83)

ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com
www.americanradiohistory.com

FM STEREO:

a broadcaster’s
viewpoint

By D. RIDGELY BOLGIANO

Director, Engineering Services Div.
Drexel Hill Associates, WDHA-FM

Technical problems for the broadcaster
and the listener and how thev can be
overcome. Included is a simple scope
method of monitoring that checks the
channel identification and separation.

been written primarilv from the viewpoint of the

listener. However, it mayv he of interest, not onlv to
the listener but to the service technician. hi-fi salesman, or
installer as well, to learn how the stereo broadcaster feels
about F\I stereo.

We at WDHA-FM (105.5 mc.. Dover, N.].) believed,
when we first went on the air early in 1961, that FM stereo
was not tob far away. Therefore, we selected and designed
all our equipment for eventual conversion to stereophonic
broadceasting. We installed stereo phonograph cartridges and
purchased stereo records for our librarv. The stereo cartridges
permitted us to play all of our records without fear of ruining
themn for later stereo usage. Ve instulled a complete dual-
channel control board console (the Gates “Dualux”), wherein
both channels are identical rather than one being emploved
for monitoring as is frequently the case in AN, TV, or mono
FM stations. And we made sure that our transmitter had pro-
visions for accepting modulating frequencies as high as 75
ke. even though we did not at that time know just what svstem
would be approved by the IFCC.

It was only a couple of months later that the FCC approved
the Zenith-General Electric svstem of stereo broadcasting
We immediatelv checked with each of the manufacturers of
broadcast equipment. Several were building prototvpes, some
of which eventually made it on the air. We tentatively se-
lected one which seemed to be in the forefront. After several
months of observing some of the early equipment troubles,
however, we decided that if we were to go on the air with
stereo quickly, it was up to us. We commissioned the Engi-
neering Services Division of Drexel Hill Associates, the parent
company of Radio Station WDHA-FM, to build a stereo
generator using the station facilities to their best advantage.
Those listeners in the New York-New Jersev-Connecticut
area may remember the manv times when we tested between
one and six o'clock in the moming before we had the system
perfected.

D ] OST articles on FM stereophonic broadcasting have

September, 1962

\Ve emploved the matrix method of generating our stereo
signal. as shown in Fig. 1. The two audio signals enter the
generator through two filters (see Fig. 2) which not onlv filter
out all andio above 13 ke. (any frequencies above 13 ke.
would cause sideband interference) but also provide identical
pre-emphasis in each channel. The filtered left and right sig-
nals are then matrixed to provide sum and difference signals.
A crystal oscillator with a * 1 ¢ps tolerance is used to generate
a 19-ke. pilot subcarrier which is amplified and mixed with
the sum audio signal for insertion into one of the inputs of
our transmitter. (The transmitter itself has two inputs: one
with a flat frequency response from 30 to 20.000 cps. the
other with flat response from 20-75 ke.) The 19-ke. signal is
also fed to a frequencv-doubler circuit to provide a 38-ke.
output which, after amplification, is fed into one input of a
balanced modulator.

\Vhen two signals are applied to a non-linear element {such
as a diode) as in the nsual amplitude-modulation svstem, four
signals come out: the original two plus the sum and difterence
of their frequencies. We used a double balanced modulator
which accepts two signals at two inputs and provides two

Fig. 1. Basic block diagram of the stereo generator employed
at WDHA-FM. Matrix method of generating signals is utijized.

TO TRANSMITTER

%8- 20,000 CPS
INPUT

CP':AE:JEL_ FILTER UM AMPLIFIER f—
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A C
D F
Scope waveforms produced during monitoring of stereo broadcast. (Al 19-ke. pilot subcarrier with no audio modulation. {B) A mono

signal, right and left channels are identical. {€) Complex audio signal with little or no separation. (D) Subchannel only sig-
nol or the signal that would be produced if @ mono record were played with the phase reversed on one channel. (E) Waveform pro-

E

duced with modulation mainly on the right-hand channel. (F) Waveform produced with modulation mainly on the left-hand channel.

For clarity, the pilot subcarrier amplitude hos been increased in

different signals as outputs. The output signals consist of only
the sum and difference frequencies. Thus if there is no signal
on one or the other of the two balunced modulator inputs,
then there is no output. As we use it o generate a stereo sig-
nal, a steady 38-ke. signal is fed in to one input while the
amplitude difference of the left and right channels is fed to
the other input. Thus if there is no difference between the
left and right channels (such as if we were to play a mono-
phonic record with our stereo pickup), there would be no
difterence signal into the balanced modulator and thus no out-
put from the balanced modulator. The output of the halanced
modulator is then filtered, amplified, and counected to the
20-73 ke. input of the transmitter.

High-Quality Stereo Broadcasting

Aside from the usual requirements of high-fidelity mono-
phonic broadeasting, such as minimum distortion and flat
frequency-amplitude response, we have found three criteria
which we had to meet in order that our listeners would receive
1 top-notch stereophonic signal with really good separation
(35-40 db).

1. The ratio of main channel to subchannel modulation for

Fig. 2. Graph showing the filter characteristics discussed.
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these waveforms and in the ones shown on the following page.

a left-only or right-only signal should be close to unity.

2. The same ratio should be maintained for all audio fre-
quencies from 50 to 15,000 kc.

3. The 38-kc. sidebands should be in-phase with the 19-ke.
pilot carrier.

A fourth item, which will not stop the listener from enjov-
ing FM stereo, but which has caused much head scratching
by many broadcasters, is the determination of which of the
two almost jdentical channels is right and which is left. This
is true since the distinction is purely arbitrary and not inherent
in the system itself. \We have even found some stations which
merely assumed that the receiver manufacturer had chosen
correctly and decided which was left and right on the basis
of which speaker the sound came from in the home of the
chief engineer. An absolute method for distinguishing right
from left by the technically minded listener will be described
later in this article.

The first criterion is implied in the FCC rules although it
is not completely and clearly specified. You can get good
stereo without it on matrix-type receivers. However, for time-
division type receivers, which appear to be getting very pop-
ular, the closer a station can maintain a unity ratio, the greater
the separation will be from the two receiver outputs. We have
a volhume control in our subchannel circuits and so can vary
the ratio at will, although we try to keep as close as possible
to unity, employing the monitoring method described later.

The second criterion is more a function of original design,
although it does mean that if a two-input transmitter is used
the transmitter exciter must be kept in as good alignment as
possible. We originally obtained our equal ratios by making
eacl section of the system flat rather than by putting in mas-
stve correction at the transmitter inputs to make up for section
deficiencies. Maintaining this criterion implies, of course, that
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you will have stereo at all audio frequencies and not just one
or two. While the FCC has set down quite stringent require-
ments already, in terms of amplitude and phase delay differ-
ences, it behooves the alert station to do much hetter.

The third criterion is specified by the FCC by stating, in
effect, that all zero crossings which can occur simultaneously
must do so. We adjust the phase of the 19-kc. signal just
before it is mixed with the sum audio. Maintaining this phase
relationship seems to have been one of the most difficult prob-
lems faced by many broadcast stations and the difficulty
seems to have stemmed primarily from a lack of monitoring
of the phase relationship.

One must be careful when adjusting the phase relationship.
If the 38-kc. sidebands and the pilot subcarrier are 45 degrees
apart, there will be a total lack of separation. If they are 90
degrees apart, you have just as good separation as when they
are in-phase except that the channels will he reversed even
though none of the audio wiring has been touched. If, under
these conditions, the right and left audio lines from the con-
trol room are reversed, as far as anyone can tell by anv meas-
urement the transmitter signals are exactly in-phase. This is
also true of receivers and is sometimes the cause when, during
alignment, the audio output channels seem to be reversed
from what they had been previously or from what they are
actually labeled.

Scope Monitoring Method

We have found a very easy method of monitoring our
stereophonic transmissions. This method may also be used by
the technically minded listener at home to actuallv measure
quantitatively just how much separation a stereo station is
broadcasting, We use the same method in our own control
rooms to continuously monitor the transmitted signal.

The technique depends upon the fact that while the signal
may be generated by matrix methods, it is also a time-division
signal. That is, the left and right channels are fed to the trans-
mitter alternately 38,000 times per second. The only purpose
of matrixes, balanced modulators, and such is to provide a
somewhat roundabout method for generating the alternating
signals. Since each channel is “on” for only one-half cycle,
coming out of the transmitter for one seventy-six thousandth
of a second there is left channel onlv and then for the next
seventy-sixth thousandth of a second there is right channel.
Since the 38-ke. sidebands are in-phase with the 19-ke. pilot
carrier, the left and right channels appear primarily within
each 90-degree quadrant of the pilot 19-ke. sine-wave signal
as in Fig. 3A.

This may be observed very easilv on an oscilloscope by
connecting the vertical input to the wiultiplex output of a good
tuner (or directly to the output of the ratio detector which
is usually the same thing) and connecting the sync input of
the scope to a source of 19 or 38 kc. The best source, since
it is nicely synchronized, is the 38-ke. oscillator in many mul-
tiplex adapters. By adjusting the oscilloscope sweep frequency

OSCILLOSCOPE

VERT. SYNC
1€ neuT WPUTGH

[+ o

N

SERIES RESISTOR
AND CAPACITOR™

MULTIPLEX
n ADAPTER
| (=]

MULTIPLEX JACK (OR DIRECT
CONNECTION TQ RATIO DETECTOR
QUTPUT BEFORE DE-EMPHASIS)

% SUGGESTED VALUES FOR RESISTOR 5-50K, FOR CAPACITOR 0.00i-0.8pf.

TUNER

SCILLATOR PINS

Fig. 4. Scope method of identifying channels, chacking separation.

so that only one or two cycles of the 19-ke. sine wave appear
and adjusting the sync control so that the pattern stands still
(providing the sync is coming from an adapter oscillator syn-
chronized with the transmitted pilot), patterns such as those
shown on the previous page will be seen.

If an announcer speaks over only one channel, the right
one for instance, it will be noticed on the oscilloscope that
there is modulation only in the even quadrants of the 19-ke.
sine-wave. The left-hand channel appears in the odd-num-
bered quadrants as in Fig. 3B. If the announcer is in the cen-
ter or a mono recording is plaved, it will be noticed that the
whole sine-wave just moves up and down over its entire
length as in Fig. 3C. By observing the pattern for awhile, most
people are able to readily see, for instance, just how much
separation a recording contains. This method of monitoring
FM stereo is absolute in the sense that all four of the criteria
mentioned earlier may be measured quantitatively from this
pattern and no filter measurements need be made first. It is
assumed that the tuner has been properly aligned.

If when a signal is transmitted on only the left-hand chan-
nel, the ratio is taken between the amplitude of the modula-
tion in the even quadrants (right channel) and the odd
quadrants (left channel), it will be found that the ratio is a
measure of the separation mentioned earlier. We hesitate to
say that this is actually the amount of separation, since it is
only so if the phase is correct. However, we could sayv that
it is a meunsure of separation capability. Thus it is this ratio
which should be at least 30 to 1 as observed on the oscillo-
scope and will range up to around 100 to 1 (40 db) for really
good separation.

(Continued on page 103)

Fig. 3. [A) Scope display of stereo signal with good separation. The pilot carrier is seen only when there is no modulation.
{B) With signal only on left channel, this is the scope display produced. (C} Scope display with a mono or center-only signal.
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Microminiature

Counter Tube
An ultra-tiny G-M counter tube is shown
being inserted into a hypodermic needle,
pricr to being introduced in the cancer
tumor of the anesthetized experimental
animal. These counter tubes are small
enough to be implanted directly into blood
vessels, body cavities, or solid tissues
without causing tissue damage. With a
number of such counters connected to
data-recording equipment, hospital re-
search teams can monitor the uptake or
excretion of radioactive tracer compounds,
The equipment was developed by EON
Corp. at the request of a Columbia-Pres-
byterian Medical Center research team.

Radar Tracking Antenna

A new radar antenna for missite-tracking
ships i1s lifted atop a test tower on Sperry
Gyroscope Co.'s new mile-long radar range
at Manorvitle, N.Y. The 30-foot dish is
part of an instrumentation radar that is
said to be the largest precision radar yet
designed for shipboard use.

RECENT DEVELOPMENTS
IN ELECTRONICS

Two-Way Radio Shake Test
A reliability test specialist readies a mobile radio unit for a factory ver-
sion of “the twist” at RCA's plant in Meadow Lands, Pa, Placed on a vi-
brating table, the equipment is given a ride that simulates the bumps and
jars of highway travel it will encounter when installed in a taxicab, truck,
or other vehicle for twe-way communications. v

- Instant Radio Station
Military communications are keeping pace with
the split-second requirements of the space age.
The *“instant radio station” shown is truck-
contained and truck-transported. The station
can be put on the air within minutes after its
arrival in the field. Developed by the National
Co., the station was recently shipped to the
U.S. Air Force for use in a trans-European com-
munications link.
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Thermoelectric Refrigeratorp
The world's first thermoelectric refrigera-
tor for home use is shown at the right.
The unit provides twa cubic feet of food
storage space, including space In the
doors for bottles and a compartment for
ice-cube making and storage. The re-
frigerator, soon to be made available for
sale by Norge dealers, chills without using
moving parts, compressor, or refrigerant
fluid. Instead, it employs thermoelectric
cooling, the temperature change occurring
at the junction of two dissimilar metals
when a direct current is passed through
them.

4 Closed-Circuit TV for Traffic Control
An Indianapolis police patrolman is shown using an in-
tegrated radio-television network to coordinate tratfic for
this year’s 500-mile race. A TV camera, part of a Motorola
closed-circuit television system, is installed to check on
tratfic moving in and out of the Indianapolis Motor Speed-
way. The camera, atop a city-owned "snorkel” truck, may
be raised 40 feet above the ground to get a good view of
the most heavily travelled approach road. All camera con-
tro! functions are handied remotely from one of the moni-
tor posts, so that the camera can be aimed in any direction
and zoom lens can be used to provide close-up views of
traffic a mile from the camera. The TV system 15 used along
with two-way radio for over-all coordination.

Wireless Portable TV Camera

A wireless TV camera weighing 20 pounds with its com-
panion 40-pound back-pack was used for the first time
during the CBS TV coverage of Scott Carpenter's orbital
space flight in “Aurora 7.” The Japanese-built camera
uses a standard 3” image orthicon camera tube that can
be fitted with a zoom or any other standard lens. The back-
pack contains a complete microwave relay transmitter and
a rechargeable battery. The picture is of broadcast quality.
The unit can be up to 1500 feet away from the relay re-
ceiver.

v

-

Helium-Neon Laser

A rugged, helium-neon laser, warranted for 1000 hours of
continuous operation, is being introduced by Raytheon.
The new unit is expected to find wide use in industrial and
institutional research laboratories. Output is 1.5 milli-
watts; beam dispersion is eight minutes of arc. Price of the
unit is $7400, complete with r.f. power supply, magnetic
shielding, and image converter.
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OSCILLOSCOPE
VOLTAGE
CALIBRATOR

By JOSEPH WIEDEMAN

Construction of a square-wave generator
that makes it possible to use a scope for
accurate peak-to-peak voltage measurements.

NE of the more useful accessories for an oscilloscope

is a voltage calibrator. It is used to calibrate the

scope’s vertical amplifier and makes it possible to
accurately measure the amplitude of a displaved waveform
by comparing it with the calibrator's known ontput.

This calibrator is a low-frequency square-wave generator
with peak-to-peak outputs of 0.1, 0.3, 1.0. and 3.0 volts. The
accuracy of the output voltage is determined by the tolerance
of the resistors in the output voltage divider (R:-R.). The
stability of the output depends on the voltage of the cells
(Bi, B:) used in the clipper circuit. Mercury cells were

2Rz R 3
30k 330k}
iy oy 3

C

8
E
2NaIT
Vi

R, Re—330,000 ohm, 14 w. res. Ci, Cr—.002 yf.. 50 v. capacitor
Re R 10,000 0lim, Vy w. res. Cr—.075 pf.. 50 v. capacitor
Ri- 22,000 ahm, V3 w. res. Ci—25 uf., 1§ v. elec. capacitor
R—-220.000 0k, V3 w. res. Sr—4-pole, §-pos. nan-shorting rotary
R:=——3000 ohm, V3 w. res. * 5 (see swilch

text) CR,, CR: -IN314 diodv
Ro—1050 ohm, Vs . res. & 5, (see B, B~ 15-volt bias cell {plallory

trxt) nC.3
R—300 ohim, V3 w. res. = 5% (see It —-I3-volt battery (ser text

rext) VoV ¥ Cpeu-p” traasistor (RCA
R ISt ohm, 4 w. res. £ 5% ( see 2N217)

text)

Fig. 1. C; removes d.c. level from square wave generated by
Vi and V:. CR, and CR. limit the signal to V; to 3 v. p.p.

Fig. 2. Waveform of 3-volt signal at output terminals J., J..

\IOLT};GC
H -
LIBRH TOR

Actual size of voltage calibrator. Jacks at top are spaced
% " to accommodate standard insulated double banana plug.

selected as voltage references because of their constant-volt-
age output during their life. When their life has been spent,
their output voltage falls abruptly.

This instriment can also be used to calibrate voltmeters.
However, bear in mind that most voltmeters indicate the
r.m.s. value of a sine wave which is .707 times the peak of
the sine wave. When checking a voltmeter, remember that
the calibrator’s output is a square wave. The r.m.s. value of
a square wave is its peak amplitude, that is, a three-volt peak-
to-peak square wave has an rons. calue of 1.5 volls.

The Circuit

There are three parts to the circuit. An astable multivi-
brator produces a square wave with a non-critical frequency
of approximately 500 cps. A double-diode clipper limits the
voltage level of the signal from the multivibrator to V 1o 3
volts (p-p). V., an emitter follower, isolates the multivilyrator
and clipper from the load.

Since the collector-to-emitter voltage of a saturated tran-
sistor is about 0.25 volt, the multivibrator output has a peak-
to-peak amplitude equal to the supply voltage minus 0.25
volt. Since only a small portion of this output is passed |
the clipper stage, the actual amplitude of the signal hefore
clipping is unimportant. B. ¢an be 6 to 20 volts.

Capacitor C: removes the d.c. level from the signal beflore
it is fed to the clippers. The clipper stage consists of two
mercury bias cells and two semiconductor diodes: the latter
function as voltage-controlled switches. Diode CR. conducts
when the voltage at its cathode exceeds — 1.5 volts and diode
CR. conducts when the voltage at its anode exceeds +1.5
volts. Thus the signal at the base of V is limited to 3 volis.
V'’s emitter-load resistors (R:-Ruw) form a lour-step attenuator.

Construetion
The author’s calibrator was built in a 34”7 x 2%” x 1%”
aluminum “Minibox.” The componeuts were mounted on a
piece of 3/32”-thick fiberglass 1%” wide x 2%” long. Since
extreme miniaturization was not of priine importance, tran
sistor sockets and standard components were nsed. For really
compact construction, the transisters could be wired directly
(Continuved on paze T7)
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ISIT almost any industrial plant and you are likely

to find a battery of recorders, such as the instrument

shown in Fig. 2, keeping track of temperature, humid-
ity, pressure, pH, tension, viscosity, ov whatever other vari-
ables may be of interest to the process at hand.

Few devices are miore valuable or more necessary to
modern industrial operations. Few are more likely to be en-
countered by electronics technicians in industrial roles. They
provide a history of process performance which is essential
for duplicating previous results, studying process efficiency,
correcting unfavorable conditions, and
planning future operations. Trends are
readily detected from the record of past
and present conditions, so that correc-
tive measures can be taken at an early
stage.

Instruments of this kind will record
any variable that can produce an elec-
trical signal—and just about anv variable
can. In operation, a pen is positioned on
a horizontal carriage in respouse to the
input voltage, and its position is re-
corded continuously as a chart revolves
beneath it. At speeds of %-inch to 2
inches per hour, a single rolled chart
will hold a continuous record of about
30 davs of operation. Other recorders
use circular charts which revolve be-

CHOPPER
AND
AMPLIFIER

INPUT VOLTAGE

September, 1962

(129406789

- fill industrial

~T
|4 ] 1'.. '

Fig. 1. How the self-balancing potentiom-
eter works, Functional blocks are shown.

BALANCING
MOTOR

SELF-
BALANCING
POTENTIOMETERS

By ROBERT MEEM

Electronics
technicians who

Jjobs encounter
few devices
more frequently
than these.

neath the pen, much as a phonograph record revolves under
the needle. These charts are usually designed for 24-hour
coverage and are replaced each day.

While simple galvanometers are adequate for most non-
continuons measurements, they are almost useless for con-
tinous recording, since they are too delicate to move a
recording pen over a chart without seriously affecting their
seusitivity. For this reason, industrial recorders contain syn-
chronous motors, which are powerful enough to drive the
pen easily and which, through the use of wmplifiers, vespond
to minute changes in the input signal.
A tvpical instrument with a tull-scale
range of 10 millivolts will be sensitive
to a change in input signal of less than
2 microvolts.

{NDICATOR

Basic Elemenis

A unit called a selt-halancing poten-
tiometer is the heart of a pen recorder.
Potentiometer, in this connection, refers
to a circuit for balancing an imput volt-
age against an internal reference volt-
age. It has little to do with the familiar
“pot” or variable resistor widely used in
radio and television circuits.

The elements of a self-balincing po-
tentiometer are shown in Fig, 1. The
input voltage mayv he supplied by a ther-
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Fig. 2. A self-balancing potentiometer by Minneapolis-Honey-
well, opened for detail. Drive mechanism is at the front (lefi).
Behind it {to the right) is the amplifier enclosure. Modvles
at the rear lextreme right) are power-supply and control units.

mocouple or any number of other devices. It is introduced
to the amplifier through a bridge arrangement which is pow-
ered by a dry-cell hattery. Within the range of the instru-
inent, there will be a setting of the slidewire contact at which
the battery voltage picked off by the contact will exactly
balance the input voltage, so that no current will flow
through the input circuit.

At any other setting, there will be current which is ampli-
fied and used to power the motor, which in tum drives the
slidewire contact to a new position. The motor will stop only
when it has moved the contact to the proper balance point.
Thus, the instrument works on the null-balance principle.

Since most inputs are d.c., a chopper is used to convert
them to a.c. before amplification. In this way, drift problems
associated with d.c. amplifiers are avoided. It is obvious
that the unbalance voltage—that is, the difference between
the input signal and the reference voltage—mayv be either
positive or negative, depending on whether the input signal
is increasing or decreasing. The polarity is of the utmost
importance; if it were disregarded, the motor might tum
in the wrong direction and never succeed in balancing the
bridge. To pre-
vent this, the
chopper — which
resembles the vi-
Q brator used in an
q auto radio—is po-

larized by attach-
ing a small, per-
manent magnet to
) 2 jts vibrating reed.

Fig. 3. Two-phase, reversible induction
motor used to provide automatic balance.

ARMATURE

The reed is driven
back and forth by
an electromagnet
powered by the
line voltage, Thus
the output of the
chopper  will al-
ways maintain a
constant phase re-
:!: lation to the a.c.
U line voltage.
The amplifier is

{

i T i, T a8

—

CONTROL
WINDING

34

LINE
WINDING

conventional, In the Leeds and Northrup “Speedomax H”
recorder, for example, two type 12AX7 twin triodes provide
four stages of voltage amplification. A single type 12BH7
twin triode is used for power amplification.

The balancing motor (which will be described in detail
below) drives the slidewire contact by means of a worm
gear. It may have cither a ratio of 100:1 for 5-second re-
sponse, or 16-2/3:1 for 1-second response. Faster response
is usually wnnecessary and would be entirely useless where
the slow chart speed would offset any advantage that might
otherwise be gained.

The pen is moved back and forth by an arrangement not
unlike the dial cord found on some radios. The pen is con-
nected to the cord, and the cord is wrapped around the gear

] LINE CURRENT {LAGS
: H CONTROL CURRENT
CONTROL 1 H BY 90° DEGREES)
CURRENT 1 '
5 |
1
t : ! ]
1 H 1 [
I 1 1 1
1 1 ! 1
1 1 ! 1
] 1 ! |
t I ! 1
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Efo° ) 3 138° T
o 1 )
1 |
1 H 1
[} ] 1
1 1 1
| | 1
] t 1
- 1 1 1
1 ! 1
1 |

B &

Fig. 4. Relationship between line and control currents, show-
ing the instantaneous position of the rotor at various moments.

wheel which is driven by the worm gear. Whenever the
gear wheel turns, therefore, the pen also moves.

Balancing Motor

The function of the balancing motor is to position the
recording pen according to changes in the input voltage.
To do this, it must be able to rotate in either direction, in
response to increases or decreases in that voltage. This is
accomplished by means of a two-phase, reversible induc-
tion motor, shown in Fig. 3.

The motor has four poles and two sets of stator windings.
The line windings, which carry the line current, are on the
horizontal poles. The control windings, which carry the
current resulting from the amplified unbalance voltage, are
on the vertical poles. A necessary condition for the operation
of the motor is that there be a 90-degree phase difference
between the line current and the control current. When this
phase difference exists, the poles will become magnetized
in tum and will produce continuous rotation of the armature,
as illustrated in Fig. 4.

\When the control current leads the line current, as in this
instance, the armature will rotate in a clockwise direction.
If the control current should lag the line current by 90 de-
grees, however, counterclockwise rotation would result. Thus,
with a constant line current, the direction of the armature
rotation can be reversed by shifting the phase of the control
current 180 degrees.

The method of obtaining the necessary phase shift in the
control current is shown in Fig. 5. The type 12BH7 in the
power-amplifier stage is connected so that the plate voltage
for the two triodes is supplied from opposite ends of a center-
tapped. high-voltage power transformer. The control winding
of the bakincing motor is connected to the transformer center-
tap and to the junction of the two cathodes. A capacitor is
shunted across the winding of the proper value to balance
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inductance, so that impediance is almost purely resistive.

The three possible conditions are illustrated in Fig. 6
When the system is balanced, no signal voltage is applicd
to the grids of the power-amplifier triodes. The plate of
triode 1 goes positive on one half of the cycle, and current
flows through the motor control winding. At the same time,
the plate of triode 2 goes negative and no current flows
through it on that half cycle.

During the next half cycle, the plate voltages are reversed.
No current is drawn by triode 1, but current flows through
triode 2 and, of course, through the control winding. The
result is a pulsating direct current (Fig. 6A) with 120 pulses-
per-second. Since this yields a fundamental frequency of
120 cycles while the motor is designed for 60 cycles, the rotor
will not move.

When the system is not in balance, the unbalance voltage
(E«) will be converted to a.c., amplified, and applied to the
grids of the power amplifier. Depending on whether the un-
balance voltage is positive or negative, the grid voltage will
always be in-phase with the plate voltage of either triode 1
or triode 2.

In the first instance, we assume that the grid voltage is
in-phase with the plate voltage of triode 1. On the half cycle
when the plate voltage is positive the grid will also be posi-
tive, and the output will be greater than when the grid
voltage was zero. At the same time, however, the plate of
triode 2 will be negative and the latter will not condnct. On
the next half cvcle, the plate of triode 1 will be negative. The
plate of triode 2 will be positive, but its grid will be negative,
so little or no current will flow.

The result of this situation is shown in Fig. 6B. It is ap-
parent that, despite the irregularity of the waveform, the
basic frequency in this case will he 60 cycles. This control

TRIODE
\l 1
12 12AXT | I —
fom A\l
P AAMA—_ == =
] e BALANCING MOTOR
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~ FEEDBACK LOOP FOR STABLIZATION

Fig. 5. The ovtput section of the amplifier. The control
winding of balancing motor is incorporated in this circuit.

current leads the line current by 90 degrees, and the rotor
of the balancing motor will revolve in a clockwise direction.

Fig. 6C shows the comparable situation when the grid
voltage is in-phase with the plate of triode 2. On the first
half cycle, triode 1 will not conduct because its grid will be
negative. On the next half cvcle, the plate and grid of triode
2 will be in-phase and will produce a large output. The re-
sulting 60-cycle wave will be 180 degrees out-of-phase with
the wave shown in Fig. 6B. Since it lags the line current by
90 degrees, the direction of the motor will be reversed, as
explained above.

Whether the control current is supplied by triode 1 or 2,
it is essential that it be 90 degrees out-of-phase with the
current in the motor line winding. This is accomplished
primarily by placing a 2.3-microfarad capacitor in series with
the line winding. There is some mechanical lag in the chop-
per circuit and some phase shift in the power output stage,
however, and while the result of these various effects is a
phase difference of about 90 degrees, it may be necessary
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Fig. 6. Output-current waveforms of the amplifier in Fig. §
for the three possible conditions of input voltage in Fig. 1.

to make small adjustments to obtain proper phase relation.

Other Features

When a drv cell is used as the source of power for the
bridge, its output will vary with age, and this may cause
inaccuracy. This factor is overcome by inserting a rheostat
in series with the batterv and periodically reducing the resist-
ance in the circuit so that the output to the bridge remains
substantially constant.

A standard cell having a constant voltage of 1.0193 volts
is incorporated in many circuits and connected so that, when
a switch is thrown, it will oppose the bridge voltage through
a resistive network, The rheostat is then adjusted until there
is no current flow. In many instruments the calibration is
automatic. The standard cell is switched into the circuit at
regular intervals, and the rheostat is driven to the null posi-
tion by the same balancing motor that operates the slidewire
contact. When the rheostat is at one extreme leaving more
resistance in the line, the dry cell is replaced.

Some instruments emplov a zener-diode voltage supply
(Fig. 7) instead of a dry cell. Zener diodes have the unique
property that, when connected in the reverse direction, the
voltage remains constant despite changes in current drain.
Since their characteristics do not change with use, periodic
calibration is unnecessary.

Not all instruments use a slidewire device to achieve bal-
ance. A bridge made by the Foxhore Companyy, for example,
operates on a.c. and employs a center-tapped variable capaci-
tor as the balancing mechanism. The unbalance signal is
amplified in the usual manner and drives the rotor of the
capacitor to a balance position.

The Minncapolis-Honeywell recorder (Fig. 2) uses a
strain gage as the balance mechanism. Fonr pre-stressed,
looped, wire strands enclosed in an I-shaped frame form the
varizble resistance legs of a Wheatstone-bridge circuit. Their
resistance varies in proportion to the tension applied to them,
in accordance with the principle of the strain gage.

When the horizontal torsion pivot to which the wires are
fastened is at zero position, the wires are under equal torsion
and have equal resistance. Any movement of the balancing
motor causes a torsional movement of the pivot, however,
so as to increase the tension and thus the resistance on two
of the wires and reduce it on the other two. This changes
the electrical resistance of the wires and continues to change
it until the bridge is electrically rebalanced. At this point
the motor will stop tuming.

Movement of the wires, which act like rubber bands, is
extremely slight but preciselv proportional to the degree of
shaft rotation. The pen carriage is linked to the balancing
motor, and the same movement that balances the bridge also
positions the pen. This strain-gage arrangement has the ad-
vantages of infinite resolution and low mechanical wear. A

Fig. 7. Establishing the reference voltage with a zener diode.
Voltage-current characteristic of the diode is at the right.
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NE OF the most popular Citizens

O Band accessories is the signal-

strength indicator, or “S” meter.

When properly used it is an excellent

operating aid. More often than not, how-

ever, it is misunderstood and therefore
maligned.

The purpose of an “S” meter is to
provide a relative indication of signal
strength. The key word here is “rela-
tive.”

Operation & Limitations

The most common form of “S” meter
operates in conjunction with the re-
ceiver automatic voluine control (a.v.c.)
circuit. As the incoming signal strength
increases, the rectified output from the detector also increases.
This negative voltage is fed through an audio filter (to pro-
duce near-pure d.c.) back to the control grids of the preced-
ing amplifying stages to reduce their gain (Fig. 14).
The a.v.c. voltage will increase with larger incoming signal
strengths, hut not linearly. If the input signal doubles, the
a.v.e. may increase one unit, for exammple. If the incoming
signal doubles again, the a.v.c. increase may onlv be 9/10ths
of & unit, There is very good reason for this effect. As the grids
are made more negative, they amplify less, therefore the de-
tector produces smaller increases in a.v.c. voltage. This is also
the reason that the typical “S” meter calibration gets progres-
sively more “cramped” toward the high end of the scale. The
meter calibration is made to approximate the non-linear char-
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3
e e ]
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AVC. BUS
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Fig. 1. (Al Basit a.v.¢. circuit, (B) Simple tuning indicator.

Fig. 2. Bridge-type vacuum-tube voitmeter circuit discussed.
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acteristics of the receiver amplifiers.

If you consider for a moment the
a.wv.c, loop in a typical radio receiver,
you will see why the “S” meter readings
can only be relative. If, for example, the
receiver gain drops (due to component
aging or alignment changes), the a.v.c.
voltage will decrease for a given signal
strength, Under these conditions, an S9
signal may indicate only S7. Another
non-linearity in the loop is the detector
output, which follows a square-law func-
tion for weak signals. Further, the
printed “S” meter calibration can only
approximate the receiver a.v.c. charac-
teristics. Various tube curves can modify
this characteristic radically.

A weak or somewhat insensitive “S” meter can still be valu-
able, however. For instance, it will tell vou if Joe or Sam has
the stronger signal or which of their antennas “puts out” the
best. It will show you when your CB beam antenna is pointed
in the right direction by indicating the highest signal reading.
The “S” meter can be used as an alignment indicator simply
by peaking all receiver adjustinents for a maximum reading.

When designing a receiver, the manufacturer does have a
target value for the “S” meter readings. The standard has
generally been to consider an S9 reading as 100 microvolts
impressed across the antenna terminals. If this voltage drops
by half, it represents a reduction of 6 db and the “S” meter
reading should drop one “S” unit.

[Tam radio operators, using receivers with this calibration
and reasonable accuracy, report dissatisfaction with the read-
ings. “The 'S” meter savs S8, but vou sure sound louder,” is
often heard. For this reason the trend has been to use so-
called “soft §” units, that is, 30 microvolts representing S9
and divisions representing 3-db to 5-db voltage changes (1.4
to 1.8 rather than 2 times). This results in much more lively
readings and therefore is sometimes called a “courteous S
meter.”

Basic Circuits

Since a source of voltage that depends on the incoming
signal is present in the receiver, it is logical to make an “S”
meter that measures this voltage. The simplest circuit for
this purpose is shown in Fig. 1B. It is a simple voltmeter
which uses the a.v.c. voltage to deflect the meter. However,
this system shunts the detector load resistor (470,000 ohms)
with a 10,000-ohm resistor and places a heavy load on the
circuit. The net result is a drastic reduction in a.v.c. voltage
which permits stronger signals to overload the receiver.
Even if an ultra-sensitive meter (50 ua. or so) is used, it
will still result in degraded receiver performance to some
extent.

This problem of circuit loading is present whenever power
must be removed from the circuit to actuate the meter. An
example is the common volt-ohm-milliammeter which pro-
duces inaceurate readings in verv high resistance circuits.
When loading is a problem, as in the a.v.c. circuit, a vacuum-
tube voltmeter is generally used. Fig. 2 shows a typical
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By DONALD L. STONER, 1nwisor

Survey of circuits used for signal-strength

indication and suggestions for

incorporating them into a Citizens Band rig.

v.t.v.m. circuit. Here 11 megohms is connected across the
a.v.c. circuit, rather than 10,000 ohms. The amount of load-
ing, therefore, is insignificant. The circuit operates in the
following manner. If the two triode sections are equal and
resistors are the exact values shown, equal currents fHow in
both tube sections. This results in the same cathode voltage
for both sections. With no cathode-to-cathede potential dif-
ference. no current flows through the meter. This condition
represents meter zero. However, this ideal condition is seldom
achieved in practice and a “Zero” potentiometer is required.
This control, the 10,000-chm pot in Fig. 2, varies the plate
voltage on each section and is set to produce equal cathode
voltages as indicated by a zero meter reading. An additional
potentiometer is included in series with the meter tor con-
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Fig. 3. Tuning indicator that measures plate current flow.

trolling full-scale deflection. Disc capacitors bypass both
grids to prevent rectification and erratic readings due to
pickup of stray r.f. fields.

Oune important feature of this circuit should be particularly
stressed and that is the self-balancing aspect. If, for example,
the “B-" voltage changes, the current in each triode section
changes equally and the cathode-to-cathode voltage remains
constant, Further, as the tube ages, both sections lose gain
about equally and the balance is maintained.

Tvpical ©S” Meter Cirenits

Because of the competitive nature of the Citizens Band
business, cost-conscious manufacturers hesitate to add an
extra tube to actuate the "S” meter. It is possible to incorpo-
rate the “S” meter in the amplifier section of the transceiver
by utilizing the effect of the a.v.c. on the tubes. One of the
least complicated circuits is shown in Fig. 3. Here the mcter
is inserted in series with the “B--" circuit and indicates the
carrent consumption of the amplifiers. As the a.v.c. increases,
due to a stronger signal, the negative voltage present on the
control grids decreases the current flow in the tubes and the
meter. A potentiometer in parallel with the meter is used to
zero the pointer. This circuit is difficult to install in most
transceivers because the “B--" circuit is “strung around” and
must be traced down.

A similar svstem, which is easier to install in existing equip-
ment, is shown in Fig. 4A. In this circuit the meter is con-
nected as a simple voltmeter acress the cathode resistor of
one of the i.f. tubes, In this cuse, the load is a low resistance
and the meter does nat load the voltuge developed across
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the cathode resistor. The series resistor R is made variable
to act as a zero adjustment. The value of this resistor is deter-
mined by the amount of voltage present. A 10,000-0hm pot
would probably be suitable,

The “S” meter circuits just described are known as back-
ward-reading types. The amplifier characteristic is to draw
maximum current with minimum a.v.c. voltage. Increasing
the a.v.c. decreases the current flow through the meter. If a
conventional meter were used in the preceding circuits (Figs.
3 and 4A), it would read backwards, that is, S1 would be
at the right side and over S9 would he at the left.

There are two solutions to this problem. One of these is
to obtain a special meter in which the de-energized or resting
position is at the right end of the scale. When full current
flows through this meter (representing minimum a.v.c.), the
needle moves to the left. The resistance in shimt (Fig. 3)
and in series (Fig. 4A) sets the needle position to “zero”
at the left side of the scale, Another method of overcoming
the backward reading is to mount the “S” meter upside down
and, of course, use a suitable “right side up” scale,

Both of the schemes require special, and therefore more
expensive, meters. They have a further disadvantage that the
meter can never he made to read full-scale, You will recall
that full-scale (strongest signal) in the backward reading
svstem represents minimum current through the meter. How-
ever, the current flow in the tubes is never completely cut
off. This cannot occur for there wauld then be no r.f. signal
to produce an a.v.c. voltage.

To avoid all the preceding problems, the “S” meter cir-
cuit shown in Fig, 4B is most commonly used in CB equip-
ment. It uses the varying current in one of the i.f. amplifier
tubes to deflect the meter. However, the meter is connected
in a bridge configuration, although at first glance it appears
to be the simple voltmeter discussed earlier,

As before, current flows through the tube and returns to
the power source. In this cireuit,
the plate current flows through
Ri,, a 200-ohm resistor. A 1000-
ohm resistor and the meter are
connected as a voltineter to meas-
ure the potential drop across R
Let's sayv, for the purposes of an
explanation, that the tube is bi-
ased to draw 3 ma. (plate current,
path A) with no incoming signal.
This current flows through R and
results in exactly a l-volt drop
across the 200-ohm resistor. A sce-
ond current path exists through
the meter and R, a 1000-ohm re-
sistor. According to Ohm’s Law,
1 volt impressed on 1000 ohms
results in a current flow of 1 ma.
(path B). If a 0-1 ma. meter
movement is used it will deflect to
full-scate with no signal. However,

Vertical-scale *‘S”" meter em-
ployed on some National Co.
tommunications receivers.
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Fig. 4. (A) Metering cathode voltage of one of the a.v.c.-
controlled i.f. tubes. (B) Bridge «circuit tuning indicator.
{C) Simple circuit that can be installed in o CB receiver.
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Fig. 5. Transistorized *S"’ meter. Neither the transistors used
nor the input circuit employed is critical in this application,
The circuit is connected to the second detector by twisting a
few turns of insulated wire around the last i.f. transformer
to provide capacitance coupling. This aveids any retuning
of the i.f. transformer. The volue of the r.f. choke used
is not critical; it is probably in the order of 1 millihenry.

this is the undesirable backward-reading condition described
earlier.

To correct this situation, a third resistor, Rs, is employed
to introduce yet another current path. This path (C) forces
an equal and opposite current through the meter causing
it to move back down scale. Thus resistor R« becomes the
zero adjustment. If adjustment of full-scale readings were
desired, it could be accomplished by varying either R: or R..
When a signal comes in, the plate current through the tube
is reduced. This reduces the amount of current in path B
and the bridge is no longer balanced. Current C now de-
flects the meter to produce the signal-strength reading.

This circuit also has a few disadvantages. Obviously “B-+"
variations, in addition to tube aging, will cause the zero to
wander around over a period of time. However, it is rela-
tively inexpensive and rcasonably accurate.

The easiest circuit to install in an existing CB rig is the
one shown in Fig. 4C. This circuit is also a bridge configu-
ration with the tube and cathode resistor forming one arm
and the audio tube and potentiometer forming the other.
Because there is a tube in each leg of the bridge, it exhibits
the self-balancing feature discussed previously in connec-

*S'" meter dial employed on Hallicrafters ham communications sets.

tion with Fig. 2 and, in many respects, it is quite similar.

To install this circuit in vour transceiver, locate a suitable
position on the front panel for the meter and space on the
rear apron for the zero-set potentiometer. Also locate the
i.f. amplifier (commonly a 6BAB or 6BJ6) that is con-
nected to the a.v.c. line and the audio beam power output
tube (often a 6AQ5 or 6BQ5). Connect the two outside lugs
of the potentiometer across the cathode resistor and the
center lug to the meter plus terminal. The negative meter
terminal should be connected to the cathode of the i.f. ampli-
fier tube. If the meter reads excessively high on strong sig-
nals, a resistor can be inserted in series with the meter leads.
Excellent meters with “S” meter calibrations ure available
for this application.

Unfortunately, this circuit is not without its limitations.
It reqquires a source of cathode voltage which varies with the
av.c. potential. Several popular transceivers emplov cir-
cuitry in which the cathodes of the i.f. amplifier stages are all
grounded. Some of these are the Apelco AR-9, Globe CB-100,
Gonsct G11 and G12, and the Hallicrafters CB-1. The circuit
shown cannot be used with these units.

Transistorized Circuits

A “universal” transistorized “S” meter, which will work
with any CB rig except the superregenerative tvpe was re-
cently announced by a California company (Model SM-1,
Cover Engineering, 430 W. 40th Street, San Bernardino, Cali-
fornia). The transistor feature is logical as it is rather waste-
ful to consume 2 or more watts of power to deflect a meter
which requires only one-thousandth of a watt to move it
to full-scale.

Transistorized “S” meters also introduce several unique
problems which have prevented their use until now. For ex-
ample, transistors are sensitive to heat which usually causes
zero to wander around. In addition, transistors are low-im-
pedance devices, while the a.v.c. bus in a typical CB rig
exhibits an extremely high impedance. These problems have
been largely overcome in this unusual “S$” meter. The circuit
is shown in Fig. 5. It consists of a common-collector class B
transistor detector driving a d.c. amplifier. The input is not
the customary a.v.c. connection, but rather a small amount
of if. at the second detector is sampled and rectified. Due
to the action of the transistor, this causes current to flow in
the emitter load resistor. The voltage developed across this
resistance is applied to the base-emitter junction of the d.c.
amplifier. The amplified signal, which is proportional to the
signal strength, is used to deflect the meter. A series resistance
limits the full-scale deflection. A special meter, with com-
pression characteristics, is used to provide the customary
“S” meter calibration.

Leakage current in the detector stage is minimized by
connecting an r.f. choke between the base and emittcr. The
choke acts as a relatively high impedance for r.f. but has
a low d.c. resistance, thereby preventing I.. multiplication.
A negative-ground type of cireuit is used to be compatible
with vacuum-tube circuitry. The “B-+" voltage is obtained
from the cathode of the audio-output tube.

In addition to the “S” meter function, this unit is designed
to act as an output r.f. and modulation monitor when trans-
mitting, A small pickup wire is placed near the final tank coil.
The r.f. output is rectified by the device and a meter deflec-
tion is produced. The exact value of the reading obtained on
the meter may be adjusted by varying the coupling to the
final tank circuit,

The information contained in this article has been com-
piled to acquaint you with the basic operation of “S” meter
circuits as they apply to Citizens Band equipment. Obviously
it is impossible to show all of the many possible variations.
However, with the information supplied, you should be able
to find a circuit suitable for installation in your particular
equipment. A
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TECHNICIANS -

WITH
PASS-
PORTS

By FREDERICK J. DEGLER
Federal Electric Corp.
Service Div. of ITT Corp.
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Varied field assignments in all parts of the world offer adventure, learning, a sense
of achievement, broad experience, immediate reward, and a foundation for a career.

N A FEW decades, electronics has become a key factor
in transforming virtually every facet of our civilization,
including such areas as science, business, industry, and

the arts, Our military estahlishment and our economy depend
on it heavily. This remarkably varied field, in turn, relies ever
more heavily on skilled technicians flexible enough to adapt
to the runge of functions that grows out of the variety.

It is hard to find a hetter illustration of this point than a
company, like Federal Electric, which installs, services, and
manages electronic equipment and svstems, nilitary and
civilian, in more than 30 countries throughout the free world.
Of a total staff that involves more than 5000 persons, nearly
half are considered electronics technicians, or were.

Some of these are radar technicians or “radicians.” Others
are versed in carrier systems, Many become involved with
microwave technique, Other areas of interest include tropo-
spheric scatter svstems, pulse-system navigational aids, air-
craft guidance, and emergency maintenance. In anv of these
areas, the individual may deal with planning and installation,
operation, maintenance, or the instruction of other personnel
in taking over operation and upkeep.

The technician may work in this country, He may also find

Federal Electric Corporation of Paramnus, New Jersey, is the
world-wide service (t[]ilinle of hernational Telephone and Tele-
graph Corpomlmn {1 is concerned with instailation, inaintenance,
operation, engineering, support, and system management in the
electronics and communications fields. Its customers include the
miilitary services, government agencies at all levels, and industrial
and commercial concerns, in this conntry and abroad.

Major projects operated and maintained by FEC are the DEW
Line (Distant Early Warning), Point Arguello and West-Coast
based range ship facilities of PMR (Pacific Missile Range), and
the activitation of “Titan" Missile Base T-4 at Larson A. F. Base,
Washington. l1 also plays a key role in several military tropo-
spheric-scatier systems in Europe und the Far East.
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himself in Canada, Greenland, Alaska, Africa, Thailand, In-
donesia, Scotland, Spain, Greece, Chile, New Zealand, on a
Pacific island, somewhere in Western Europe, or at the South
Pole. More interesting than this variety is the fact that one
man may find himself, over the vears, at a number of these
places and he will probably hold, at one time or another, sev-
cral of the various positions mentioned.

What sort of individual can meet such requirements? What
does he nced in the way of training, experience, and tempera-
ment? Can he lead any sort of settled life? What is his future?
No single answer applies to all cases. Before we discuss gen-
eral possibilities, the author’s history with the organization
may shed some light on what happens in this field.

One Man's Story

My background is not unusual. Before becoming a tech-
nician, I had completed more than three vears of college.
Then, in 1957, came the opportunity to become part of a
forward-propagation, tropospheric-scatter system in Alaska
being developed to provide channels for telephone and tele-
graph traffic in that remote region. Along with 24 others, 1
was given a course in voice and telegraph systems, microwave
theory, and the principles of tropo. The training included
actual work on equipment at sites where laboratory-type
problems were presented.

After two years, I was assigned a succession of jobs that
included teaching pulse-system navigational aids in Washing-
ton, D.C; directing cmergency maintenance on Air Force
equipment in Virginia; supervising a radar and microwave
installation in Newfoundland; rescuing a collapsing radome
off the coast of Greenland; and installing an AF ground-to-air
transmitting and receiving site on Cape Cod, I then unpacked
my bags to become a field service administrator of several of
the compuany’s projects.

Now I have a home of my own, a wife, and young children.
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(Below) Technicians stalioned on the Greenland ice cap repair wiring
in a wealher-instrument system, which uses radar and a variety of
data recording devices. The installution is pari of the DEW line.

(Above, left) A pair of “radicians” operate a control console, which
ts also parl of the DEV iine. The tour of console dutvy runs for four
hours. It is folloived by another four-hour span in communications and
eleclronic maintenance, puliing some variely inlo the working day.

(Above, right) A student group in Vietnam learns the right way to
climb when making cable repairs {rom an FEC field man. IFor these eager
young men, such activily may involve [ewer problems than their other
studies. They are being trained in basic telephone sysitem techniques.

(Left) Installing or repuiring « healer on an antenna feed horn about
50 [eel ubove ground is @ normal mainlenance chore. The technician
used a ladder 1o reach the dish, hut then had to shinnv out on the arm.
Tropospheric scatter systems around the world use antennas like these.

At myv own request, [ am bound for assigmnent in Nepal.
The State Department’s Agency for International Develop-
ment is helping this small nation build a communications net-
work internallv and also to connect with major cities in Indiu.
Under contract to AID, owr job is to teach the Nepalese low
to operate and maintain approximatelv 40 single-sideband
units and power generators. Many natives of this country
do not know what “communications” means in the sense that
we take for granted todayv. We will help unlock the wonders
of the 20th centurv to & developing nation. There wre manyv
valid motives for seeking work of this kind. As for me_T can
think of nothing more challenging or rewarding than a role
in helping a people to improve their condition and strength-
ening the position of onr conntry by winning friends abroad.

Tt is most unlikelv that I will touch all bases mvself with
FEC. However, associates of mine are operating instrument
calibration and repair depots in France. manning Project
Mercury tracking stations, conducting telemetrv check-out
and studv programs for NASA, and working with tacan,
loran, and otlier svstems aboard ships and at hundreds of fixed
locations around the world.

Responsibie Positions

You don’t have to be engaged in such activities for very
long before vou learn that there are never enough good tech-
nicians. They are among the most sought-after men in the in-
dustrv. Far from being run-of-the-mill hired hands, they are
entrusted with important responsibilities. They must know
what they are doing, because delays and errors on projects of
wide scope are expensive. They must he able to work inde-
pendently, because thev will often be in situations where
there is no one to whom thev can call for help. Thev must he
able to deal with other people successfullv, hecause the com-
panv’s hope for future contracts with a particular customer
often depends on the impression they make on current ones—
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and the customer mav be a private firm, some arm of our own
government. or a foreign state.

Theyv make key decisions. Take a field engineer in charge
of an installution team. He has worked up to that position
by exmerience as & member on such teams. First he selects
his assistant. Then he goes through the installation contract.
which calls for his company to provide a certzin amount af
the equipment. hardware, and other material to be used. He
checks this list thoroughly to make sure that particular mate-
rials meet the stated requirements. Compatibility with the
conditions of the specific installation must be evaluated; avail-
ability must be determined: and. where availability may be a
problem, satisfactory equivalents must be recommended. This
brings him into contact with manv suppliers.

\WVeather. shipping time, manpower allocation, and ex-
penditures must be assessed; for. although he draws upon his
company’s entire technical and field resources for advice,
ultimate responsibility for proper completion of the job rests
on his shoulders. Due to factors that could not be foreseen
he mav have to revise plans in the field. Once on his own here,
he is directly responsible for equipment purchases.

Information Feedbacl:

Changes based on the unexpected are important to his
company. He will record these carefully and bring such infor-
mation back with him when his job is done; this data can be
most significant in planning future installations

When the equipment is in working order, he is not vet
done. Demonstrating performance and operation to the cus-
tomer and his personnel are also his responsibility. The im-
pression he makes with these people on behalf of his firm
and their ultimate satisfaction with the installation, though
intangibles, are important values to be brought back when
he retwrns. These may mean as much to his government as to
his employer.
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Obviously, the sort of individual whe can handle such
duties is not the glorified, carefree hobo seeking superficial
excitement. A taste for adventure is valuable. but a sense of
responsibility is as indispensable as technical background,
lLet’s consider the tvpe of man who succeeds here in some-
what more detail.

Previous Back ground

Most FEC field men have had at least a vear of college,
which is not alwavs in electronics, but is often in some related
aspect of science. However, those with solid learning in good
technical training institutes or previous experience in some of
the specialties involved also find acceptance. A background
confined merely to training or experience in consumer service
would not generally be adequate. Since a great deal of the
work invelves military equipment, specialized training and
experience in the Armed Forces is usefnl, Many men enter
the company directly after the completion of tours of duty
with one of the military services.

A civilian interested in such emplovment stands his best
chance of making the grade if he applies while he already
holds a position elsewwhere. This is another way of saving that
“joly hoppers” are not welcomed with open arms. \W. T. Duffy,
FEC emplovinent manager. reports that this tvpe seldom
works out. However. as we shall see later, this does not ex-
clude an applicant with legitimate, short-term objectives.

Porsonal Dotails

To check on desirability, a background investigation is
mide that includes previous emploviment, credit, and other
records. Evidence of a good reputation in the comnnmity,
maturity (apart from age). and stability are helpful.

As to age itself, there is a surprising spread. One woukd
expect to find nothing but voung men roaming the world
adventurously, As a matter of fact, not only are there field
men in their forties and even their fifties, but the members of
this group are not exclusivelv hold-overs who started in earlier
vears, Many members of the Armed Forces, having retired
after carcers as electronics specialists, supplement their re-
tirement income and get a look at the world by going into
such emplovment.

(Above) Operation and maintenance of photo optic gear used
in missile tracking. Locale is Point Arguetlo, California.

( Below) Light work: operation of consoles and display
hoards in Range Safety Room of the Pacific Missile Range.

The man with a wife and children mav not consider the
situation stable enough for him—although we will consider
an opposite view shorttv=but the emplover does not confine
hiring to hachelors onlv, In some locations where a wife or
children cannot be accommodated, single men are preterred
for assignment. But consider this startling figure for techni-
and 70 per-cent are married. The author himself tends to
cians stationed at outposts on the DEW Line: hetween 60
prefer married men when he makes up a team because they
seem to deliver more reliability in the field.

Temperament and Ohutlook

Liking and getting along with other people is important.
A man mav be stationed with a sizable group of men, but
thev can be his chief or exclusive contacts for some time. He
must fit in. Often they will include military personnel or na-
tionals of other countries. If he looks down on different people
as inferior people, he is of no help either to his emplover or
his government. The State Department is concerned with
wise choices for these unofficial ambassadors in many cases.
Also. a man who gets along with others is most likely to get
along with himself. This capacity comes in handy in some
relatively solitary assigniments,

Living Conditions

When associated with a military installation, here or
abroad, as is often the cuse, the technician can generally
count on substantial living and recreational facilities. For
example, food abroad mav be quite attractive, The author
fondly remembers the Danish cooking. under the supervision
of native chets, in one location. As a rule, facilities for military
officers will also be availuble to technicians abroad, who rate
as people of some importance.

People in foreign lands also attribute considerable prestige
to those who are hringing them modern facilities they need.
You may find vourself getting an invitation from a local poten-
tate in a far eastern land to join him on a tiger bunt.

However, it isn’t ahvavs that easy. Yon may be where vou
can't simply push a button to turn on the electric light and
the nearest movie may be a dav's travel. Being able to rely

{(Continued on puge 58)

(Left) The technician’s life
does not consist exclusively
of work. These men, assigned
in Nepal, are enjoying a 1i-
ger hunt aboard an unusual
vehicle. Thex aceepted the
invitation of a local VIP.

(Below) Another activity
for the earthbound. These
technicians are manning a
console at a Project Mercury
tracking station. Also part
of PMI, this installation
is at Point Arguello, Calif.
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UHF.

CONVERSIONS
OFITABLE

With activity in the ultra-high band on the way, service technicians
may have a billion-dollar potential in installations for older sets.

By LON CANTOR / Blonder-Tongue Laboratories

ITH FINAL enactment of the all-channel TV re-
W ceiver law, the long-awaited upswing in utiliza-

tion of wh.f. TV channels at last seems destined
for realization. There are already available 1543 individual
w.li.f. assignments, less than 10 per-cent of them in use. This
is almost three times the number of v.h.f. channels in opera-
tion.

The business potential for service technicians is impressive.
There are more than 50 million TV receivers in use today,
few of which can receive u.h.f., but they can be adapted to
do so, cither with tuner strips or top-uf-the-set converters.
Average cost of a complete job, including antenna, converter,
and labor, will be about $40.00, Thus TV technicians can
look forward to as much as $2-billion worth of increased
business.

With well-circulated accounts concerning the special prob-
lems of uw.h.f., technicians may tend to expect much more
difficulty than will actually be encountered. Thus, before
considering what conversion will involve, a glance at the
nature of the u.h.f. spectrum is worthwlhile.

Comparison with V.H.F.

1t includes channels 14 through 83 in the range from 470
to 890 megacycles. As with v.h.l., each channel occupies a
6-me. band, but these 70 channels run consecutively through
their range with no gaps between any two.

The lowest ultra-high frequency used is more than twice
that of the highest very-high frequency, 216 mc. Since trans-
mission frequency influences propagation behavior, u.h.f. in-
volves different problems, but not necessarilv more of them.

Generally speaking, the higher the frequency, the less
will signal tend to follow the curvature of the earth. This
tends to limit u.h.f. reception to line-of-sight distances even
move than is the case with v.Iif.

This problem can be overcome, to a degree, by increasing
the height of transmitting and receiving antennas. The

Fig. 1. Two compact, easily built, indoor antennas, made of twinlead [A) or wire (B).
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MPATI (Midwest Program on Airborne Television Instruc-
tion) provides an interesting application of this principle.
Because transmission is from a plane flying at 23,000 feet,
telecasts can be received more than 200 miles from Mont-
pelier, Indiana, over which the plane circles in a 12-mile
radius.

Another problem is that u.h.f. signals tend to be absorbed
readilv by hills and buildings. Opponents of u.h.f. have said
this would make it impractical for metropolitan and other
areas. In cooperation with the City of New York, the FCC
has set up an experimental station on channel 31 to evaluate
this and other problems. The mammoth “canyon areas” of
this city are considered to represent a severe test.

Results so far are encouraging. The median field strength
measured at channel 31 was 98 dbu. (0 dbu, or 0 dbmv, is
1000 microvolts or 1 millivolt across 75 ohms.) This compares
with 93 dbu for channel 7 and 91 dbu for channel 2. How-
ever, these readings were taken outdoors, on roofs. Indoors,
the increased “building loss” caused the channel 31 signal
to be somewhat weaker: 71 dbu compared with 72 dbu
at channe! 7 and 73 dbu at channel 2.

This slight difference does not indicate that uw.h.f. is sig-
nificantly inferior with indoor antennas. Indeed, a counter-
balancing element is the fact that u.h.f. is less susceptible to
man-made interference than v.h.f. There is also evidence
that ghosting is less of a practical problem, despite the fact
that, theoretically, signals tend to bounce more as frequency
goes up. Although the u.h.f. channel bandwidth is still 6 mc.,
it is a smaller percentage of the transmission frequency than
is the case on v.h.f. Why this should help mininize interfer-
ence and ghosts requires an explanation to which we will
not devote space here. Nevertheless, it is important to recog-
nize the practical significance of the phenomenon, especially
in metropolitan areas.

There is some evidence that outdoor antennas will be re-
quired more frequently than in v.h.f. reception, and they will

Fig. 2. Connecting a common downlead.
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have to be installed with more attention to good practice.

Another point: the thermal noise figure of a TV receiver
has great bearing on the amount of signal needed to provide
a good picture. Therefore, if a receiver installed in a poor
signal position has a poor noise figure, preceding it with a
low-noise u.hf. preamplifier will provide considerable im-
provement.

Choosing an Antenna

For areas within about 13 miles of the transmitter, an in-
door antenna will usually suffice, and one will often work
reliably at greater distances. In general, indoor units will
work in most but not all areas where indoor v.h.f. antennas
are satisfactory. Also, partly because of their smaller size,
they do not present the esthetic problems encountered with
ungainly rabbit-car and other v.h.f. types.

If a commercial indoor type is not readily available, it’s a
simple matter to make one up. Fig. 1A can be put together
quickly from 300-ohm twinlead; Fig. 1B is made with 714
wire. Either lends itself to ready concealment behind the set
or other furnishings.

To determine the wavelength, in inches, we use the follow-
ing formula: A =3x10%/.0254F, where \ is the wavelength in
inches and F is the frequency in cycles. Since the center
frequency of channel 31 is 575 mc., a wavelength would be
20.5 inches. The half-wave section in Fig. 1A would then he
10.25 inches and the quarter-wave sections of Fig. 1B, slightly
more than 3 inches each. These figures should be reduced
about 5% to allow for end eflect but, in practice, there will be
little difference. Dimensions tend to he uncritical because
these devices, rather than heing sharply selective with re-
spect to frequency, tend to be broad-band.

In fact, in an area where more than one u.l.f. station is
active, and available signal is good, vou may prefer to base
vour calculations on the mean of the u.h.f. spectrum, 630
me. This would make the half-wave and quarter-wave sections
in Fig. 1A and Fig. 1B respectively 8.7 and 4.33 inches long.
Efficiency would be reasonable for all u.h.f. channels.

While performance is comparable to that of the familiar
v h.f. rabhit-ears, positioning is far more important. You will
find dramatic ditferences in the reception at one point in a
room as compared to another. In fact, while “building loss”
usually results in the average indoor uwh.f. signal being
weaker than the average v.h.f. signal, careful positioning of
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the antenna often produces excellent results where indoor
v.Ii.f. signals are not usable. However, this may require some
patient probing.

If vou are within about 23 miles from the transmitter and
the installation in question already uses an outdoor v.h.t.
antenna, another approach is possible. Most v.h.f. tyvpes will
pick up a certain amount of w.h.f. signal. However, vou will
have to split the output of the downlead between the regular
v.h.f. terminals on the TV receiver and the u.h.f. terminals
(if any) or the input of the added converter.

One way of doing this is with the wrangement ol Fig. 2,
using two 130-oln resistors. This will introduce some loss to
either pair of terminals, with both n.ht and v.hi. signals
being delivered to both connections, since the method is not
treqquency-selective. If the available u.li.f. signal can tolerate
the loss better than the v.h.b. signals, the antenna connection
can be transferred directly to the v.h.t. terminal strip.

If necessiry, a special trequency-selective, u.h.t./v.h.f.
coupler can be used to avoid losses. One such, the Blonder-
Tongue A107, is shown in Fig. 4. Acting as a crossover net-
work, it sends abmost all u.h.f. signal to one of its output
connections and almost all v.h.f. signal to the other.

As the installation site gets farther from the transmitter,
separate outdoor antennas for u.h.f. will have to be used.
The common, broad-band, bow-tie tvpes have proved them-
selves in use. In fringe areas, it may be necessary to stack
them. For the most difficult locations, low-noise preampli-
fiers or boosters, preferably the mast-mounted types, may be
necessiry. The cost of a good unit is not low, but the user
is paving for the ditference between acceptable reception
and none at all.

Installation Pointers

Mounting a w.h.f. antenna to a mast is no great problem:
use the same technique von follow swith v.h.f. The small size
will make the job easier. Running a satistactory lead-in, how-
ever, can be a problem. Cahle losses increase with frequency.
At ulif even a relatively short cable that is improperly run
can introduce enough loss to cancel out much of the ad-
vantage of using an outdoor antenna.

The choice of antenna wire is itself significant. Ordinary
flat, 300-0hm twinlead is acceptable only if it is used entirely
inside. as with a conventional indoor antenna or an attic

(Continued on page 88)
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L MACS
— ELECTRONICS
- SERVICE

By JOHN T. FRYE

e

It's Not the Heat

T WAS sizzling outside, hut the air conditioner kept

the service department quite comfortable. That’s why

Mac knew it couldn’t be the effect of the heat when
he heard Barney, his assistant, chuckling to himsclf.

“What's so hilarious?” Mac asked.

“Oh this little heat indicator I brought along to show
vou reminded me of an experience related by Bruce, the
technician with whom [ had luuch todav. Last winter he
had a service call to fix a hi-fi set in a very swankv home.
When he discovered the hi-fi unit was about the size of a
haby grund piano, he decided to fx it there instead of trying
to take it to the shop.

“The room in which the hi-f was installed had very heau-
titul and obviously expensive wall-to-wall carpeting; so be-
fore he pulled the chassis he spread a newspaper out on
the carpet. The woman customer watched anxioush while
he took out the chassis and turned it upside down on this
newspaper; then, apparently satisfied he knew what he was
doing and would be careful, she went to the kitchen and
started preparing a meal for guests she was expecting that
evening,

“Bruce said he noticed a slight scorched odor while he was
running voltage checks on the hi-fi chassis, and he thought
to himsclf the woman must be burning something out in
the kitchen. It did not take him too long to locate a shorted
capacitor and replace it. but when he turned the chassis over
he was horrified to see that the top of the rectifier tube on
which the chassis had been resting had slipped off the
newspaper and had burned a spot about the size of a half-
dollar in the nap of the rug,

“The woman was nearly hysterical when she saw this,
and Bruce could just pictire himself faving ont a Targe sum
to replace the floor covering; however, in desperation, he
decided to make a temporary repair. He asked the woman
tor a pair of tweezers and some Elmer’s Glue. Then he care-
fully plucked little bits of wool from the rug in out-of-the-
way comers and painstakingly glued them to the hurned
spot, taking care to match the floral pattern exactlv. When
he finished, the woman could not find the charred area at
all; and she refused to let him c¢all a rug man.

“Now, several months later, the temporary repair is still
holding up. Bruce knows because he did not lose the cus-
tomer and has been back on other calls; but he says the
experience certainly taught him to be more careful and made
him more eager than ever to take sets to the shop for repair.
But every time I think of old Bruce down there on his
hands and knees plucking out those little tufts of wool,
touching glue to the bottom of each tuft, and then carefully
transplanting it in the charred spot—and sweating blood all
the time—I get the giggles. The things a poor radio and TV
service technician has to go through!”
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“Yes, and you might add: ‘the imagination and resource-
fulness he needs in other fields besides his own! But where’s
this ‘heat indicator” you were bragging about showing me?”

“Patience. You see it all started when I wanted to know
how much a blower would cool off the transmitting tubes
in my ham rig. A glass thermometer wouldn’t work because [
couldn’t read the actual glass envelope temperature with it.
In fact, with the TVI shields in place, 1 couldn’t cven see
such a thermometer down inside the final amplifier compart-
ment. That's when my mind turned to thermocouples. Some
time back someone giave me a length of #30 iron-constantan
{type ) thermocouple wire, and I wondered if 1 couldn't
use this. [ had a fuzzy notion all I had to do was twist the
ends of the wires together and connect a microammeter
across the other ends. The meter would then read the cur-
rent produced by heat applied to the junction of the two
wires,”

“It's not that simple?”

“Not by a long shot. I wrote Minncapolis-Honeywell Com-
puny tor help, and they were kind enough to send me
several catalogues on thermocouple accessories thev make,
together with some articles on how thermocouples work. A
true thermocouple consists of two dissimilar metal wires
connected at hoth ends. The connection at one end is called
the ‘measuring junction,” and that at the other the ‘reference
junction.” When these two junctions are at different tempera-
tures, a potential is developed between the conductors that
directly relutes to this difference in temperature. Notice if
the measuring junction is in the higher temperature, as is
usually the case, the potential developed will go down if
the temperature of this junction is lowered or the temperature
of the reference junction is raised.”

“I'd guess, then, the reference junction would have to bhe
held at some certain value to give meaning to the potentials
developed by heat applied to the measuring junction.”

“And vou'd guess right. The reference junction is usually
assumed to he at 32° F. In practice it would be a great
nuisance to have to keep this junction at the temperature
of melting ice; so some means must be used to bring the
em.f. developed at the reference junction under existing
conditions to a value equalling that which woitld be generated
if the junction were maintained at 32° F. Voltage drop
across a temperature-sensitive resistor does the trick in most
pyrometers. This voltage, added to that actually produced
across the reference junction, produces a sum equal to what
the reference junction would have produced if it had heen
at freezing. Am [ losing you?”

“I don’t think so. As the change in ambient temperature
canses the voltage across the reference junction to decrease,
the voltage across the temperature-sensitive resistor increases,
and vice versa. That allows the instrument calibration to be
independent of room temperature,”

“You're smarter than I thought,” Barney admitted grudg-
ingly; “but have vou considered we can’t just twist the two
wires together at the reference junction? Meter terminals,
binding posts, etc., will be between the two ends. Fortu-
nately, what we thermoelectricity engineers call the Law of
Intermediate Metals takes care of this. The laws says we can
introduce all the different metals we want between the two
ends of the wires without creating any effect on the e.m.f.
gencrated across those wires as long as all the junctions of
the different metals are at the same temperature. In that
case it is just as though there were only one junction.

“What did you do with all this information, make a ther-
mocouple?”

“On the contrary, I quickly gave that up. For one thing,
it’s necessary to measure the tiny voltage developed—for re-
member it's the voltage that is directly related to the tem-
perature—without consuming current. In practice, this is done
by bucking out the developed voltage with an adjustable

(Continued on page 88)
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By JOHN R. COLLINS

the
DIGITAL

VOLTMETER

Faster and easier to read than pointer meters, digital voltmeters have made lab
aceuracy of up to +0.01% available for field and production-line measurements.

N RECENT years, digital voltmeters { Fig. 2) have found
increasing use in place of conventional pointer instru-
ments. One very good reason for their popularity is the
fact that a voltage can be read faster and more accurately
in numerical form than from the position of a pointer on a
calibrated scale. In addition, most d.w.m.’s (digital volt-
meters) provide accuracy to three or more significant figures;
many also select the range and indicate polarity automatically.

By using a d.v.m., a relatively inexperienced operator can
make a voltage measurement in a fraction of a second
whereas a skilled technician with a precision laboratory
potentiometer might take several minutes.

Because of their cost, it is not likely that d.v.m.’s will en-
tirely replace conventional pointer meters. Most are priced
over $1000, and many cost in excess of $10,000. Since they
have more parts than pointer meters they require more
maintenance. For many industrial and military uses, however,
d.v.m.’s are almost indispensable. They are especially suited
to the rigorous demands of production line testing and quality
control, autonatic missile checkout, aircraft electrical system
testing, and industrial process monitoring. Since the data is
obtained in digital form, it is convenient to use automatic
recorders and transmission systems.

Several kinds of d.v.m.’s have been developed, based on
quite different operating principles. Some of the more fa-
miliar circuits will be described.

Voltage Comparison Method

One of the more accurate ways to measure voltage is by
means of a potentiometer, in which the unknown voltage is
balanced against a known voltage. The method is not unlike
the way in which an apothecary’s scale is balanced. The item
to be weighed is placed in one pan, while known weights
are added to the other pan until they are balanced.

The voltage-comparison d.v.m. illustrated in Fig. 1 is the
electrical equivatent of an apothecary’s scale. The unknown
voltage is introcuced on one side of the chopper which serves
as a voltage comparator. It is opposed by a voltage derived
from an internal reference on the other side of the chopper.
Although the figure shows a potentiometer pick-off from the
reference, the reference voltage is actually impressed across
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an arrangement of precision resistors. In this way, discrete,
calibrated voltages are provided which can be switched into
the circuit as needed.

If the input voltage is not the same as the opposing volt-
age, the difference is chopper-modulated to produce a square-
wave error signal. These ervor pulses are amplified and used
to switch voltage into or out of the circuit. The pulses are
either “up” or “down,” depending on whether the input is
greater or less than the opposing voltage, and their direction
determines whether voltage is added or subtracted.

The switches are programmed to reach the balance or null
position in as few steps as possible. Programming involves a
svstem of binary logic in which large voltages are first applied
to find the largest voltage equal to or less than the input.
If it is less than the input (as is the usual case), successively
smaller voltages are then added until balance is achieved. At
the null position, the output of the chopper is zero.

The “on-off” switch arrangement at the balance point de-
termines the read-out. Each possible combination is wired
to the read-out assembly in such a way that the corresponding
voltage will be displayed in lighted numerals. Special tubes
called “Nixies” are often used for the read-out. These contzin
digits formed from individual wires which glow brilliantly
when a voltage is applied to them.

Instruments of this tvpe are sometimes called successive-
approximation voltmeters from the way in which balance is
achieved. Their accuracy is limited only by the precision of
the calibrated voltage units and the resolution, which in well-

Fig. 1. Block diagram of voltage-comparisen digital veltmeter.
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Fig. 2. Dymec Model 2401A is capable of five-place accuracy.

designed instruments are very great. The reference voltage
may be supplied either by standard cells or from a source
regulated by zener diodes. Attenuators limit the input voltage
so that voltages greater than the reference can be measured.

The speed of a voltage-comparison d.v.m. is determined by
how fast trial voltages are switched into the circuit and by
the number of steps needed to reach the null position. Several
switching devices are in general use. These include unidirec-
tional rotary switches, called stepping switches, which are
driven by an electromagnet. They advance one step each
time the electromagnetic coil is energized by an amplifier
error pulse,

Other d.v.am.’s use fast-switching contact relays, called
mercury-wetted switches, in which electrical contact is made
through a pool of mercury. They are extremely reliable and
trouble-free.

All-electronic d.v.m.’s utilize semiconductors for switching
and are especially fast. Some fully transistorized models are
able to make a voltage measurement in 2 milliseconds and as
many as 100 independent measurements per second.

Accuracy of 0.01% is not uncommon for a voltage-compari-
son type d.v.m.

Integrating D.V.M.s

A different approach to the problem is shown in Fig, 8.
This integrating d.v.m. has two sections—a voltage-to-fre-
quency converter and a counter. The first section incorpo-

rates an operational amplifier with feedback capacitor which
is designed to integrate the voltage applied to the input over
a selected time interval. It is characteristic of an integrating
amplifier that if the input voltage remains essentially con-
stant, the output voltage will increase from approximately
zero to a value that depends both on the size of the input
voltage and the duration of the integration. The relationship
between the input and output voltages is illustrated in Fig.
4. It is obvious that a larger input voltage will cause the
output to rise more steeply.

The amplifier output connects to both a positive- and a
negative-level detector which feed into separate pulse gen-
erators. This arrangement makes it possible to accommodate
inputs of either polarity.

When a signal appears at the input, the amplifier produces
a saw-tooth output, whose slope depends on the magnitude
of the input voltage. This output pulse will be either positive-
going or negative-going, depending on the polarity of the
input. When the saw-tooth voltage reaches a predetermined
trigger level, either positive or negative, the corresponding
pulse generator is activated and produces a pulse which is
fed back to the input.

The polarity of the feedback pulse is opposite to that of
the input signal and it causes the amplifier output to be
abruptly forced back from the trigger level. As the input
signal continues to be applied, however, the amplifier output
again rises until it has reached the trigger level, and the proc-
ess is repeated.

It is obvious that a large input voltage will cause the output
to reach the trigger level faster than a smaller input voltage.
The number of times a level detector is triggered in a given
interval is thus an accurate indication of the size of the input
voltage.

The function of the counter is to count the number of times
a level detector is triggered during a preselected time interval.
In a typical instrument, the measurment period is 0.1 second.
An input of 1 volt will produce output pulses at a rate of
100,000 per second, or a total of 10,000 pulses during the
0.1-second interval. This would appear at the read-out, with
decimal point properly placed, as +1.0000.

In operation, each time a level detector is triggered, a pulse
passes through the or gate to the counter. The polarity of the
input voltage is determined by sensing whether the pulse

Fig. 3. Block diagram of an integrating digital voltmeter. I I l I sty l l l
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Fig. 4. Relationship of E. to E; of integrating amplifier.
Rate of change of output is proportional to input magnitude,
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Fig. 5. Biock diagram showing the essential functional ele-
ments of a voltage-to-time, or ramp-type digital voitmeter.

came from the positive- or the negative-level detector. While
it is true that the counter shows the number of pulses rather
than the input voltage, the instrument is so designed that
the count will be the same as the voltage, as described above.
This is done by controlling the height and duration of the
opposing pulses produced by the pulse generators. In this
way, for example, an input voltage of 299.79 millivolts will
produce 29,979 counts over the selected time interval (Fig.
2). The decimal point is placed automatically,

The instrument shown in Figs. 2 and 3 has an overload
detector and automatic range changer. Overload is indicated
when a pulse rate in excess of 300 ke. is detected. The input
attenuator is then automatically set at the 1000-volt range.

Voltage ranges as low as 0.1 volt can be selected at fixed
sampling periods of 0.01, 0.1, or 1 second. The voltage read-
ing thus obtained corresponds to the average value of the
input voltage over the specific time interval, This method
of averaging effectively cancels superimposed noise and a.c.
hum pickup.

Ramp DV .M’s

A somewhat similar d.v.m. is the ramnp tvpe; its operation
is based on voltage-to-time conversion. Essentially, this in-
strument measures the time required for an internally gen-
erated voltage (ramp) to build up on a capacitor from zero
to the value the input voltage has after passing through an
input filter and attenuator.

The principal features of the ramp d.v.m. are shown in
Fig. 5. After being filtered and attenuated, the input voltage
reaches the input of a d.c. differential amplifier. Measurement
starts when the ramp-gate multivibrator opens the ramp gate
and, at the same instant, triggers the oscillator gate multivi-
brator. The oscillator gate multivibrator opens the oscillator
gate, and the counter begins totalizing the output of the
oscillator.

September, 1962

With the ramp gate open, the ramp supply voltage (usu-
ally 150 volts) starts charging the ramp capacitor through a
series resistor. The values of the resistor and the ramp capaci-
tor are selected to produce a wedge-shaped voltage that
increases with time.

The differential amplifier has two input grids to accommo-
date both the input and the ramp voltage. Its output is lim-
ited until the ramp voltage equals and then becomes greater
than the attenuated input voltage, at which instant it pro-
duces a distinct voltage step. This voltage step is further
amplified and inverted to provide a negative-going pulse to
the oscillator gate multivibrator. This causes the multivibra-
tor to close the oscillator gate, and the measurement is ended.
In a typical instrument, an oscillator frequency of 30 ke. is
used, and about 0.2 second is needed to make a single meas-
urement.

As in the case of the integrating d.v.m. previously de-
scribed, the read-out of the counter is an accurate reflection
of the input voltage. The relationship between the input
voltage and the number of counts is arranged by choosing
the proper resistor and capacitor values for the ramp voltage
circuit and the oscillator frequency.

The low-pass filter removes any a.c. superimposed on the
d.c. input voltage. The attenuator is made up of four series
resistors which provide 1:1, 10:1, 100:1 and 1000:1 attenua-

Fig. 6. A typicai ratiometer. i1 indicates the ratio of the
test voltage A to internally generated reference voitage B.

tion. A stepping switch which can be controlled either manu-
ally or automatically selects the proper attenuation. When
on automatic, the instrument, which has a 3-digit read-out,
checks the range by monitoring the output of the tens and
hundreds counters. If there is no output from the tens counter,
the range is too high, since the ramp voltage equals the
attenuated input voltage before 100 counts have been regis-
tered. If there is an output from the hundreds counter, the
range is too low, since the upper limit of the counter has been
exceeded before the ramp voltage has reached the level of
the attenuated input voltage. Thus, the range is correct only
when there is an output from the tens counter and none from
the hundreds counter.

Special Problems

While noise is a universal problem in voltage measure-
ment, it is especially troublesome in the case of digital in-
straments. Pointer voltmeters with conventional d’Arsonval
movements have a certain amount of inertia which makes
them relatively insensitive to noise, transients, and hum
pickup. Digital voltmeters, being electronic, have no inertia
and therefore tend to reflect the instantaneous voltage at
the moment the measurement is made, While this may be
an advantage in some respects, it is usually true that the
instantaneous value is not the best reflection of the operating
condition. It was noted above that an integrating voltmeter

(Continued on page 82)
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Relay |

Hlectronics

By RUSSELL D. SHATTUCK

The variety of useful “circuits” you can design with relays
is endless. The many shown here only scratch the surface.

S A RULE, the electronics technician or the experi-
menter doesn’t expect a relay to be anvthing more
than an electricallv operated switch. Most nsers never

get bevond this basic application because they don't give the
compaonent credit for much sense. Actually a relay can he the
active element in practicallv anv cireuit a tube or transistor
can handle. The former can’t compete when it comes to re-
sponse, being confined to operation at vather low frequencies,
but very fast rise times can be achieved.

A number of cirenits built around these mundane devices
are shown here. [n each, the Potter & Brinmfield RS3D relay
with 10,000-ohm winding has been emploved. This is a basic
s.p.d.t. type. With suitable changes, practicallv v other
relay could be substituted. To accommodate different needs,
there is a wide varicty of current- and voltage-sensitive types
of difterent sensitivities available.

The lasic feature important to each illustrated application
is that the device actuates on a certain pull-in current or volt-
age and releases at a certain drop-out current or voltage.
Drop-out value is ordinarily about one-third of pull-in value.

There are two cominon uses of a relay that are widely
known. One is the control of a large amount of power by a
snall amomnt of power. The other is remote operation of a
circuit either for isolation or convenience. The cirenit of Fig.
I illustrates hoth of these tunctions. Manual closing of the
switch in the low-voltage supply to the relay canses the latter
to pull in, applving the higher voltage to load R.. The latter
may be some distance from the relav switch,

Note that the input voltage and enrrent to the relay are con-
siderably lower than the voltage and current (to the load)
being controlled. This is analogous to a eonventional tube cir-
cuit in which a small input voltage produces a much greater
output at the plate. Fig. 1 may thus be considered an ampli-
fier. In this ease, voltage gain is 4.6, current gain 800, and
power gain 3680.

Veasuring with Relavs

The common denominator of the four configurations in Fig.

L/

3 is that thev all belong to the general class of voltmeters,
despite application dilferences. The general circuit (Fig. 3A)
relies on the repeatability of the pull-in current or oltage of
the relay. The unknown voltage is connected with R set at its
maximum value. R is then reduced until the relav closes and
operates the indicator (light, bell, or other). A dial on the po-
tentiometer shaft can be calibrated in volts.

The switch is an added convenience for opening the relay
without having to disconnect test leads or thange the setting
of R to reduce the test voltage. \Vith the relav mentioned
earlier and the value shown for the potentiometer. the useful
measuring range would be from about 25 to 230 volts. By
choosing a relay with different characteristics and a pot of
another value, either or hotl ends of the usable range could
be shifted in either direction. Battery voltage and the indi-
cator are simply chosen to suit each other.

The precision voltmeter ( Fig. 3B) depends on the Fact that
a VR tube (a zener diode may he used instead ) does not con-
duet until a certain, critical voltage is applied across its ter-
minals. Then it conduclts with a fixed voltage drop. Control R
is used to set the range of measurement.

With a VRI05 tube, the latter will fire with about 118 volts
across it but won’t conduct enough current to operate the re-
lay. After firing, the voltage drop across the tube goes to 105
volts and remains there. If R is set to zero resistance and the
unknown voltage is at least 103 volts plus the value needed to
pull in the relay (totalling 140 volts with the relay specified),
the latter closes, operating the indicator. If R is set to equal
the relay’s resistance, indication will hegin at 1535 volts.

Precision results hecause an aceurately known, fixed volt-
age is subtracted from the unknown voltage before measure-
ment is made. With the reading range thus limited, close
calibration is possible (i.e., a relatively narrow range of volt-
age variation is spread out over the rotation of the potentiom-
eter dial). The lurger the fixed voltage subtracted in relation
to the total voltage applied. the inore accurate is the final
measurement. The principle is the same one used in conven-
tional suppressed-zero, expanded-scale voltmeters designed

Fig. 3. These dre only four of many possible general and special volimeter circuits,
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Fig. 4. Generating a saw-tooth output.

to be highly accurate over a limited range of interest—a cate-
gory in which the circuit of Fig. 3B may be included.

The arrangement is obviously useless at levels lower than
the sum of the voltage drops across the VR tube or other regu-
lating element, the relay, and any fixed series resistance. The
lower limit can be changed by choosing relays of various sensi-
tivity and VR tubes or zener diodes of appropriate character-
istics. The upper voltage limit can be shifted by changing the
value of R.

Circuit Protection

The over-voltage relay (Fig. 3C) is also, in effect, a volt-
meter, but its application is different. The purpose is to dis-
connect a load from a power source if the applied voltage
becomes too high. The relay contacts are thus used to accom-
plish this at the desired level instead of operating an indicator.
The added diode and capacitor are nccessary only if the unit
is to be operated on a.c. With a d.c. supply, however, the
diode would also e useful in blocking voltage if the applied
polarity is incorrect. The VR tube or zener diode is optional,
depending on the specifie case.

Part of the source voltage is tapped off through R. and R.
and applied to the relay. R: sets the pull-in voltage at the de-
sired level. When it is reached, the contacts open to disconnect
the load, which remains disconnected as long as line voltage
remains too high. Use of the regulating clement, as described
in the preceding circuit, reduces the range over which the
relay operates and thus improves accuracy. It also provides
another advantage. \ithout it, line voltage would have to be
reduced to about one third its normal value to drop out the
relay and re-connect the load. With it, drop-out can be made
to occur in the normal voltage range. A re-set switch would,
of course, accomplish a similar purpose.

The values of Ri and R: are choscn to provide the desired
adjustment range. Capacitor C permits control of the time
response of the cireuit, even from a d.c. supply. A larger value
prevents pulses or short transients from triggering the relay.
A smaller value permits more rapid response to changes. Ex-
cessive reduction, however, will cause the relay to chatter if
the cireuit is used on a.c.

The under-voltage relay (Fig. 3D) is similar in operation
but different in funetion. Certain devices, like some motors,
can be damaged when supplied with insufficient voltage. They
draw more current from the source and overheat.

Line voltage in this circuit is connected to the load as long
as the relay remains pulled in, but power is removed at drop-
out. In the preceding circuit, the contacts are wired to produce
the opposite effect. To establish the drop-out point, the re-set
button is depressed (or the armature is pushed in) with the
line voltage kept low. The latter is then increased until the
voltage across the load is at least the required minimum. R:
is adjusted so that the relay will be held by this load voltage.
Relay voltage is then reduced by careful re-adjustment of R:
to the point where any further reduction would release relay
contacts. As for the functions and values of components shown,
the same considerations apply that were discussed in connec-
tion with the over-voltage relay.

Generating Pulses
The light flasher of Fig. 2 operates by charging capacitor C
September, 1962
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Fig. 5. Perhaps you prefer square waves.

Fig. 6. The metronome. It is actually
a special case of the timer or counter.

through its series resistance until the pull-in voltage of the
relay is reached. On closing, the relay applies voltage to the
bulb, lighting it, and also permits the capacitor to discharge
through it to open the relay. This cycle repeats itself. The
flash frequency depends on the time-constant of the circuit,
which is established by the values of E, R:, B:, C, and the
characteristics of the relay.

The value of Ri, which is important, is selected so that, even
when R: is set to minimum position, maximum voltage and
current applied to the bulb will not exceed its ratings. It saves
lamps when some enthusiast tries to speed up the flashing rate
too much. Addition of a rectifier diode and experimentation
with component values would enable operation with larger
bulbs from an a.c. source.

The sweep or saw-tooth generator (Fig. 4) differs from
the light flasher mainly in the way output is taken from the
capacitor. This output may be used to provide low-frequency
sweep on an oscilloscope, with application to the horizontal
plates of the CR tube feasible. Here the current-limiting re-
sistor is used to prevent short-circuiting the power supply,
which would oceur at the same time the capacitor is shorted
by closing of the relay contacts, if R: is set to zero.

Values shown, used with a relay like the one specified
earlier, would produce a sweep-frequency range between
about 1 and 20 cps, extending the usable range of the average
scope downward for special applications. E need simply be
greater than the triggering voltage required, and its level will
determine the value of R.. Sweep linearity could be improved
considerably by doubling the value of C, but the range of
operating frequencies would also be lowered.

This circuit has another use with an oscilloscope. Since the
amplitude of the saw-tooth pulse is always the firing voltage
of the relay, it could be used as a scope calibrator that would
not be affected by variations in the supply voltage.

With another resistor and a slight change in wiring of the
relay contacts, we have the low-frequency, square-wave gen-
erator of Fig. 5. Amplitude of the output is ncarly that of the
battery voltage, with the relay armature alternately sainpling
the battery voltage and shorting the output. R prevents a short
across the battery when the positive electrode is sampled and
also helps to equalize pulse width of the positive and negative
half-cycles. Trimming of values can adjust such inequality. If
you want to lock in the output on your scope, you can take off
a sync signal from across capacitor C.

A Timing Circuit

The metronome of Fig. 8 goes back to the basic light flasher
(Continued on page 72)
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8 TUBE

GITV DESIGN

Muntz’ new 19-inch set—compact, low-cost, and light-weight—is aimed at the urban
market. Compactrons and other innovations make the streamlined design practical.

T HAPPENS every few vears. TV set muakers get the

notion that a cut in selling price—which means a cor-

responding cut in the contents—is just what the industry
needs.

When this philosophy has taken over in the past, it has
brought trouble with it, “Stripped” sets, with much of the
performance and reliability ripped out, have left owners
and technicians with a collective headache and a bad taste
that lingered long after the manufacturers decided to re-
verse their position. We scem on the verge of another cost-
cutting round today, hut there is an encouraging variation
on the old theme. Design standards, far from being tossed
aside, are the starting point.

In our July 1962 issue (“New Motorola TV Design,” p.
36), we examined a large-screen set in which an attempt
had been made to retain deluxe features while lowering
the price. Design objectives in the Munts “Metropolitan” are
different, but also sensible. Similar technicues are sometimes
used. Streamlined circuitry as well as new tube designs both
play their part,

The mannfacturer of the “Metropolitan,” or the “Met,”
takes pride in the fact that the circuit uses only eight tubes.
Actually, he is stretching things a little, but not much. He
is overlooking a couple of tubes in the tuner. On the other

Fig. 1. The smallish chassis stands vertically against one
side of the cabinet. Reaching tubes and adjustments is easy.

50

hand, he includes the CRT in his tallv. But that matters
little. The immediate question. give or take a tube. is “What
can vou do with that approximate number®”

Well, what did the designers try to do? Their intention
in this 19-inch receiver is frankly stated. The name tells
a good part of the story. The set is not being pushed with
fringe viewers far out from transmitting sites. But why
should urban TV fans, surrounded with good signal, have
to pay for, say, sensitivity they do not need? The intended
customer is this city dweller. The receiver is made to re-
tail for under $100. And Muntz hopes to capture a sizable
portion of the second-set market.

The drastic rechiction in the tube complement is made
possible, to a large extent, by the generous use of compac-
trons, multi-function tnbes pioncered by General Electrie.
In fact, no less than six of them are used in the *“Met”
chassis. Thus the number of tube functions or stages is not
slashed as drastically as would first appear. The cut has been
helped by substituting semiconductors for tubes just about
anywhere function will permit.

B hat About Performance?

The reader may wonder what he can expect from this
circuit in actual use. The most important question will doubt-
less involve sensitivity, especiallv in a TV receiver that uses
a single video i.f. stage. The manufacturer has chosen to
render this characteristic in terms that will be understood
by any lavman rather than in absolute quantities. He states
that field tests demonstrate satisfactory reception within a
30-mile radius of the transmitter with standard outdoor an-
tennas, such as the single, in-line tvpe. Indoor antennas of
the common rabbit-ear tvpe provide adequate performance
for most locations within 30 miles of the transmitter.

The Cirenit

The power supply (upper left in Fig. 3) includes an
isolation transformer with a G-volt filament winding, followed
by a single. half-wave semiconductor rectifier, whose filtered
output is 145 volts.

The two-tube tuner, not shown, is the “Silver-Sealed”
switch type manufactured by Sarkes Tarzian, using shadow-
grid tubes. The r.f. amplifier is a 6FS3, with a 6FG7 serving
as oscillator and mixer. An interesting feature of this front
end is the fact that switch contacts are completely sealed.
This enhances reliability by keeping dust out and minimizing
oxidation of contacts.

Tuner output is capacitively coupled to the single-stage
i.f. strip, which uses one half of a dual-pentode compactron,
the 6711 (V.). Output of the double-tuned stage feeds a
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1464 diode detector tor video that is guite conventional,
emiploving series and shunt peaking and incorporating a
tweet filter.

The a.g.c. voltage is derived from the detector load, as
is often the case, but its development and application are
not entirely conventional. This voltage is stabilized by an
assist from voltage developed at the grid of the sync sepa-
rator (Va), applied to the a.g.c. loop through R.. Fi
nally, a.g.c. is applied only to the r.f. amplifier in the front end.

Detected video then proceeds to the remaining pentode
section of V., which serves as the video amplifier. Here we
encounter a problem that can be anticipated easily. With
the low level of “B-1-" available from the cost-saving power
supply used, it is difficult to obtain enough signal amplitude
at the output of the video amplifier to drive a conventional
CRT.

The solution is reminiscent of the one emploved in the
Motorola design, described in our July issue. The electron
gun of the 1914 picture tube, a new design, is of the type
emploving a low cut-off voltage—approximately 23 volts.
Video signal is applied to its cathode, to which the brightness
control, R, is also connected. The grid, pin 2, is connected
to the vertical retrace-blanking network at point A in the
vertical-output stage, V.. The first anode, pin 10, is oper-
ated at about 27 volts, which is obtained from the voltage
source of the V. screen grid. Required focus voltage is near
zero, Thus the best connection for pin 6 may be chassis
ground. If sharper focus is sought, connection of the clec-
trode to pin 2 or 10 may be tried.

The 19P4 also reverses the trend toward wide-angle pic-
ture tubes. It is a 92-degree type with a short neck. With
requirements for deflection sensitivity thus reduced, less is
demanded of the vertical- and horizontal-output svstems.
This fact, plus the use of new power-output tube types that
can handle relatively high current, helps solve the problem
of obtaining adequate operation with the low "B-+" avail-
able. Picture tubes of this general design seem to be in for

Fig. 2. Despite its size, the chassis allows plenty of access
to reach parts and make repairs, as the underside view shows.

increased use in step with interest now developing in power
supplies using a half-wave rectifier with no voltage step-up.

Returning to the video detector, we find unother output
applied to the sound i.f. stage, V.\, through Cs. Vi, another
6]J11 twin pentode, comprises the entire tube complement for
the audio section, just as V: does for the video section. In
part, this reduction is obtained by using semiconductors for
the second detector. The lfoster-Seeley discriminator used
involves CR: and CR.. Output of the circuit is then applied to
the second pentode of Vi, which serves as the sound-output
stage, through the volume control. Another interesting short-

(Continued on page 90)

Fig. 3. Reliance on semiconduciors (power supply, audio & video detectors, horizontal a.f.c.) accounts for some of the tube reduction.
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LOUDSPEAKER
INTERCOM SYSTEMS

By RAY A. SHIVER

Principles of operation and features provided by this widely
used method of voice communication for the home and industry.

OUDSPEAKER intercom systems are used extensively
in home and industry for rapid, effective voice com-
munication. They vary in size and complexity from

the simple two-station system with one master and one remote
unit up to the large multiple master and remote systems such
as would be found in a complex industrial installation.

The principle of operation is the same for all types of
systems, whether they be simple or complex. Basically, the
voice is used to actuate a microphone or a PM speaker,
the output of which is amplified by an audio amplifier
which, in turn, operates a loudspeaker at some remote
point. In order to be an intercommunicating system, some
means must be provided for a return signal to permit a
two-way exchange of information. This is generally accom-
plished by switching the amplifier input and output to pro-
vide both an incoming and an outgoing signal. In this manner
one amplifier can be used and each speaker can be employed
alternately as a microphone for the outgoing signal and as a
loudspeaker for the incoming signal. Most systems use this
switching principle (a few special cases will be covered in
a later section) in some form and it can be very simple or
complex, depending on the special features desired.

Simple Two-Station Unit
Fig. 1 illustrates the operation of a simple two-station sys-

$2

tem consisting of one master and one remote (or “slave”)
station. The audio amplifier can actually be any type of
amplifier capable of driving the loudspeakers to the desired
listening level. Amplifiers employing vacuum tubes and tran-
sistors are commonly used.

The circuitry is generally designed to limit the operation
range to the voice frequencies (about 300 to 5000 cps)
which permits the use of compact components. Often a.c.-d.c.
circuitry is employed in the lower powered units which per-
mits a further reduction in size by eliminating a power
transformer. For ordinary home or office use a fraction of a
watt of output power will usually suffice. An industrial plant
with a high noise level may require a unit with several watts
of output power and special loudspeakers to insure effective
intercommunication.

Referring to the circuit of Fig. 1A, S. is the talk-listen
switch and is shown in the “listen” position which permits the
local loudspeaker LS. to receive the incoming signal from the
remote speaker LS:. The local speaker is connected to the
amplifier output by means of switch contacts 1A and 2A.
The remote speaker, which in this case is being used as a
microphone, is connected to the amplifier input by means
of switch contacts 1B and 2B.

In Fig. 1B, the situation is just the reverse. Switch con-
tacts 1A and 3A connect the amplifier output to the remote
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speaker for the outgoing signal and contacts 1B and 3B
conmect the local speaker to the amplifier input thereby per-
mitting it to be used as the microphone. The talk-listen switch
is normallv spring-loaded in the “talk” position so that it
antomatically returns to the “listen” position when finger
pressure is removed from the knob.

The impedance of loudspeakers used for intercom systems
is generallv 43 ohms. This permits longer wire runs hetween
stations with a minimum signal loss due to wire resistance, as
would be the case with a 4- or S-olim speaker. It also pennits
several remote stations to he paralleled without dropping the
total impedance to a valne which wonld create a serious niis-
match to the amplifier output.

However, when the speaker is being used as a microphone,
some meins must he devised to step up the impedance to a
value suitable for the high input impedance of vacuum-tube
amplifiers. This is accomplished bv adding a microphone-to-
grid transtormer ut the input of the amplifier. It should be
well shielded with a high permeability materiat to prevent
magnetic coupling with other components on the chassis,
especially power transtoriiers where they are used.

Svstems with Privacy Features

The system described thus far is “non-private,” that is, the
person operating the master unit can listen in to the remote
station at will. Obviously, this is not alwayvs desirable, espe-
cially in schools and commercial applications. In order to pre-
vent this, some modification must be made to our simple
system.

Fig. 2 shows how this can be accomplished. Note that the
remote station now requires three wires instead of two. The
dotted lines between switch contacts 2B and the remote
speaker line show the modification necessary for private op-
eration. With this counection removed there is no longer an
electrical path betwcen the remote station and the amplifier
input when the talk-listen switch is in the “listen” position.
Nowe, however. that when the sw teh is in the “talk”™ position,
the vrar will Function nonaally . Al that remains to comple.e
the private system s to provide a méans for the remote station
0 answer a call. This is done with a privacy switeh at the e
mote unit and a third wire which bypasses the talk-listen
ssatch ar the master unit and connects directly to the input

Fig. 1 Sunple 2-station system during (A) "listen' and (B) *'talk.”
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of the amplifier that is utilized in the intercom syvstem.

As can be seen trom the diagram, the privacy switch dis-
conmnects the remote speaker from the nonnal station line and
connects it to the privacv line when returning a call, This
switch is generally spring-loaded like the talk-listen switch in
the master unit. In this manner privacy has been gained for
the remote station, but not without cost.

The disadvantage of a private system is that the operation
at the remote unit is no longer "hands free” but requires man-
ual operation of a switch in order to return a call from the
master unit. This could be a serious disadvantage if the re-
mote speaker were located, for example, at a loading dock
whieh would require a worker to leave his job and perhaps
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Bus —=E—
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Fig. 2. For privacy feature o three-wire interconnection is used.

walk a considerable distance in order to answer a call. For this
reason, this tvpe of operation is usually confined to desk-top
installations.

Balanced & Unbalanced Line Svstems

It mav have been noticed in the systems we have described
thus far that one side of the input and output transformers is
returned to ground, providing a common path hetween the
two. This is an unbalanced svstemn and is quite extensively
used in master units for systems where only one master station
and one or more remotes are used. This tvpe of circuitry sim-
plifies construction since only half the switching needed for
bulanced-line operation is required. However, this system
does not exhibit the noise-concealing properties of a bal
anced-line svstem and for this reason shielded lines are gen-
erally required if extraneous noise pickup and hum are to be
kept to a minimum. This is especiallv important with units
utilizing the privacy feature since the privacy line is unter-
minated and makes an effective antenna if not well shielded.
Multiple master operation is not recommended for this type
of svstem because of its inherent high level of crosstalk.

Balanced-line construction is generallv employed in sys-
tems where two or more master units are used and thev are
required to communicate with each other. \WViring for such
systems usually consists of multiple conductor twisted-pair
cable that requires no shielding. Since there is no common
connection between input and output circuits of the ampli-
fiers in such a svstem, crosstalk is greatly reduced or elim-
inated entirely.

Cuall-In S_\'.\'/('ms

The addition of the privacy teature to the system of Fig. 2
really accomplishes a two-fold purpose. In addition to main-
taining privacy, switch S: in the remote unit may also be used
to initiate a call to the master station. This is not possible in
the system of Fig. 1 unless the remote station were monitored
continuously which, ordinarily, is not desirable.

This type of call-in system is known as “voice call-in” and
is quite commonly used in unbalunced-line systems. It should
be pointed out that if the non-private connection is lett in the
circuit between switch contacts 2B and the remote speaker
line, the call-in feature will still be retained if the unit is
equipped with a standby switch.
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Fig. 3. {A) Pop-out solencid and (B) relay drop-flag annunciaters.

One disadvantage of voice call-in is that the calling party
must identify his station in systems consisting of several re-
motes in order for the called party to select the proper station
for returning the call. If the called party does not happen to
be present when a call is initiated, he has no way of knowing,
upon his return, that he has received a call nor the identity of
the calling party. This problem can be eliminated by the use
of an ammunciator call-in system. Two types ure generally
employed: the pop-out or the drop-flag. The pop-out system
uses a small solenoid for each station. This pops out when
energized thus identifying the calling party. In order to re-set
the unit, a plunger must be pushed in manually. In the drop-
flag type a relay trips a small identifying flag. To re-set this
unit, the flag is simply pushed up until it latches in the original
position. Lamps are sometimes used as call-in indicators but
they are less reliuble due to bulb failure. Fig. 3 is a diagram of
each type of annunciator call-in. An audible buzzer is gen-
erally used with each type of system to attract the attention
of the called party.

Selective Svstems

In Fig. 2 we have advanced our simple system to include
privacy and remote-call origination. We may now wish to add
several more remote stations to expand our communications
network, This can be accomplished by the addition of a sta-
tion-selector switch, S in Fig. 4. The addition of this switch
will allow us to select anv one of several stations as desired.

For a balanced-line system, the switch would have to have
two poles and twice the number of contacts since both sides
of the line would be switched. As shown in Fig. 4, in the un-
balanced system the privacy and call-in line can be extended
to each additional remote station by simply paralleling the
lines at the master station. Ordinarily the remote stations all
have to be set up as either private or non-private since the
manner in which the switch is connected at the master station
will affect all remote stations equally.

Station-selector switches can be of the rotary wafer tvpe,
push-button, or slide-switch types. The first two are prefer-
able since they have self-wiping contacts and give long,
trouble-free service. Push-button switches have the advan-
tage of providing more convenient station selection since in
the rotary type it is often necessarv to step through several
switch positions in order to arrive at the desired station.

Intermixed System: Masters & Remotes

In the system of Fig. 4 it is evident that remote stations A,
B, and C can cstablish communication with the master station
but not with each other, There are many cases where such a
system would be entirely adequate. In a typical example, let
us suppose it has been established that station A has need for
contacting stations B and C. We must now replace station A
with a master unit if this is to be accomplished.

Now both master stations can converse with remote sta-
tions B and C but additional switching must be provided if
the master units want to communicate with each other. This
involves the addition of another position on the talk-listen
switch and, basically, converts the master to a remote station
when not in use. This is shown in the schematic diagram of
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Fig. 5 for a balanced-line system. Note the increased com-
plexity of switching involved to provide this facility in a bal-
anced-line system. The additional switch position, usually
designated “off” or “standby,” disconnects the speaker from
the amplifier in the master station and connects it to the pair
of terminals marked “X” in the diagram, This pair of terminals
is called the “home line” for the unit and offers a direct con-
nection to the speaker in the master unit when the talk-listen
switch is in the “off” position. Thus the master stations can
communicate with each other as well as with the remote sta-
tions. However, it can be seen that in a system of this type
the privacy and voice call-in feature cannot be extended to
the remote stations since the speakers in the master stations
are disconnected from their respective amplifiers when the
units are in the “standby” position. In fact, the amplifiers are
usually turned off by an extra set of contacts on the talk-listen
switch which breaks the “B +” lead when the switch is in the
standby position. This will provide minimum power consump-
tion and heating when the unit is not in actual use.

A system of this type is generally used where the need is
for a limited number of master stations and the bulk of the
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Fig. 4. The addition of a station-selector switching arrangement.

system consists of remote units. If a call-in system is employed,
one of the annunciator types is generally used.

Master-to-Master Svstem

The all-master type of system is designed for use where
each station in the system must be able to contact every other
station. The basic switching svstem is shown in Fig, 6. Note
that the home-line switching is similar to Fig. 5 except that
only a two-position switch is used. The normal “listen” posi-
tion, utilizing the amplifier, is not needed in an all-master
system. Instead, an “off” position is used as “listen.”

Referring to Fig. 6, when the unit is in the “talk” position,
operation is quite straightforward. When the master switch
is in the “listen” position, the amplifier is disconnected and
the home-line terminals are connected to the local speaker.
Note that the level control is only in the circuit when the mas-
ter is in the “listen” position. This permits one setting of the
control for desired loudness at a master station to serve for all
incoming calls if the gain of all the master amplifiers in the
system is approximately equal, which is generally the case.

One important feature of the all-master system is the 100
per-cent trunkage feature. This is an old telephone term
meaning there can be half the number of simultaneous con-
versations going as there are units in the system. Two units,
of course, are required to make one conversation path. This
feature can be very worthwhile in a system subject to heavy
usage.

In a system of this type it is not possible for a station to be
monitored by another station as long as the talk-listen switch

ELECTRONICS WORLD
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is kept in the “listen” position. However, when two stations
are in use it is possible for a third station to monitor one or
both sides of the conversation by selecting one or, alterna-
tively, selecting both of the home-lines of the busy stations.
This is not ordinarily a problem and the system may be con-
sidered a private system for all practical purposes.

Some special applications may require absolute privacy,
however, and in this case an additional feature is required to
prevent the possibility of eavesdropping. One solution com-
monly used is a lock-out relay system. This requires a relay
for each line m the system at each master station. The circuit
is so designed that when two stations are using the line, both
stations are removed from service at all of the remaining sta-
tions. A busy lamp is usually provided which indicates that
the stations are in use and temporarily unavailable.

In some applications it is necessary for a key station to have
instant access to all stations. A busy override switch is pro-
vided for the key station in such a case. This permits the key
master station to disable the lock-out privacy circuit if nec-
essary.

Systems for “Hands-Free” Operation

All of the systems described thus far have one common dis-
advantage, i.c., a switch has to be manually operated at one
or both ends of the line in order to altemate the conversation
path. Two ways in which the disadvantage can be overcome
will be discussed in this section. One method involves the use
of a “vox” or voice-operated switching svstem. A block dia-
gram of such a system is shown in Fig. 7. Note that the loud-
speaker has been removed from the master station and placed
some distance away, This is necessary to minimize acoustic
feedback between the speaker and the vox microphone.

Basically, the operation of the system is as follows: A sta-
tion is selected by the station-selector switch in the normal
manner. From this point on the operation is “hands-free.” At
the instant the audio signal reaches the vox microphone, the
plate relay operates and places the unit in the “talk” position.
The relay replaces the manually operated talk-listen switch in
the other units. As long as the operator keeps talking, the
relay remains energized in the outgoing position. When the
vox microphone no longer receives a signal, the relay de-ener-
gizes, returning the unit to the “listen” position.

An adjustable time-delay is usually provided for the vox
circuit in order that the relay remains closed between words
to prevent chattering. As indicated in the diagram, the audio
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Fig. 5. System permitting master to be operated as a remote.

signal from the vox amplifier is also used to operate the inter-
com amplifier to provide the outgoing signal. When the unit
is in the “listen” position, the incoming signal is amplified in
the normal manner through the intercom amplifier and ap-
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plied to the speaker. Thus it can be seen that the voice ac-
tually does the switching from the “listen” to “talk” position.

It can be appreciated that such a system would not work
well under conditions of high ambient noise levels since this
would introduce false triggering of the vox amplifier. There-
fore, such systems are somewhat limited in application. Also
the speaker for the incoming signal must be placed some dis-
tance away from the master unit for the same reason and thus
it is sometimes difficult to obtain an adequate listening level.

The simultaneous system diagrammed in Fig. 8 overcomes
many of the disadvantages of the vox system. However, two
amplifiers are generally required in this type of unit. Basically,
the system consists of two separate amplifving systems ar-
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Fig. 6. Switching circuit used for all-master type operation.

ranged as shown in Fig. 8A. This eliminates the need for man-
ually operated switching but, like the vox unit, is subject to
acoustic feedback problems which preclude high operating
levels. Its use is more or less confined to bank drive-in win-
dows and similar applications. Fig. 8B shows how the same
system can be applied to one amplifier. Although this sim-
plifies the circuitry, it multiplies the number of possible acous-
tic feedback paths and is, therefore, capable of only low
operating levels.

Industrial Applications

Intercom systems for industrial use often require special
components and techniques to insure effective intercommuni-
cation. High noise levels are a frequently encountered prob-
lem. For interfering noise containing mostly low-frequency
components (such as might be caused by large machinery,
motors, or compressors), loudspeakers with a natural low
cut-off frequency of from 200 to 300 cps will help minimize
such noise without affecting the voice frequencies. Small
re-entrant horn speakers are suitable for this purpose since
they attenuate frequencies below a few hundred cycles and
are very effective in the voice range. Since they are of all-
metal construction they have the added advantage of being
virtually waterproof and can be used outdoors without
weather protection.

Noises in the high-frequency region can often be effectively
reduced by the use of a low-pass filter designed to cut off at
about 3000 cps. This does not noticeably affect the voice
range but often helps reduce high-frequency noise.

Noise that falls in the range of voice frequencies or “white
noise” {noise that is of random frequency and thus cannot be
filtered) presents a peculiar problem that, unfortunately,
cannot be solved by any simple means. In such cases speaker
location is of prime importance in order to insure maximum
efficiency. Generally the speaker should be placed as close as
possible to the operating position in order that the voice level
may override the interfering signal. In severe cases, a handset
containing a close-talking microphone is substituted for the
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loudspeaker. A loud ringing bell or horn is used to signal the
called party.

Operation in an explosive environment poses another re-
quirement for an intercom system. Components for such a
system must be enclosed in special cases or containers that are
air-tight. Systems of this type may be found in chemical
plants, in the presence of explosives or explosive gases, and in
hospital operating rooms.

Another special feature often desired in industrial systems
is high-level voice paging. One line can be selected at one or
all master stations to drive a hooster amplifier which provides
the power for the paging speakers. This is diagrammed in
Fig. 9. The pad is usually necessary to drop the level from the
intercom amplifier to a value that will not overdrive the
booster amplifier. Such a circuit, of course, is one-way only
since it is not possible to receive through the booster ampli-
fier used,

Other special features often in demand are foot-operated
talk-listen switches for “hands-free” operation, handsets in-
stead of loudspeakers for additional privacy, combination
intercom and background music systems which provide for
dual usage of the intercom speakers, and all-call facilities
which permit all stations to be monitored or called simul-
taneously. There is literally no end to the combination of spe-
cial features and circuitry that can be provided to meet the
requirements of just about any loudspeaker intercommuni-
cations system.

Systems for Home Use. Wireless Svstems

Intercom systems designed for home usc have several
unique features not generally found in commercial units. Sev-
eral master stations may be required in a home svstem but,
due to the limited service involved, usually one amplifier is
provided for the complete system. This permits only one
master unit to be in service at a time or, in other words, it is
a “one trunk system.” Applications requiring more than one
trunk would dictate the use of a commercial-type system.

Since the off-duty time of a home system is much greater
than the in-service time, the amplifier can be disabled when
not in use. For this reason filament-type vacuum tubes or
transistors are generally used in the circuitry. This permits
instant service without waiting for a warm-up period and
conserves power and component life when the system is not
in use.

Master stations in most systems of this type can be set for
either private or non-private operation. Remote stations, as
a rule, are non-private although in some systems they may be
wired for voice call-in. Where voice call-in is not used, a push-
button is usually available for the remote unit to permit sig-
naling the master by a buzzer or bell.

For ordinary home use a fraction of a watt of audio power
is usually adequate for a good listening level hence amplifiers
can be of very compact construction and, in most cases, will
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be flush mounted in an ordinary stud wall constructed of
2 by 4s.

In some cases where existing construction makes a wired
system impractical, a wireless intercom system may be con
sidered. Only the existing electrical wiring is required for a
system of this type. Low-frequency r.f. energy is used as the
communications medium and this is coupled to the electrical
wiring,

Basically a unit of this type is a low-powered r.f. transmit-
ter and receiver operating in the range from about 73 to 350
ke. Multi-purpose tubes are generally employed much as they
are in transceiver circuitry, Utilizing this type of construction,
along with the small amount of r.f. energy required (usually
only a few milliwatts), the unit can be quite compact—often
no larger than a comparable wired unit.

Multi-channel units are available with up to twelve indi-
vidual communications channels, To minimize crosstalk be-
tween adjacent channels they are usually spaced at least
25-kc. apart.

Operating characteristics for this system can be compared
to the all-master wired system, Voice call-in, 100 per-cent
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Fig. 8. Simultaneous system overcomes drawbacks of “‘vox’’ system.

trunkage, and privacy are all included. Difficulties are some-
times encountered with r.f. carrier intercom systems when
they are operated on power lines that are conmon with large
motors or transformers. The large shunt capacity often asso-
ciated with these devices tends to bypass the r.f. signal to
ground and, in some cases, will not permit reliable operation.
In addition, they do not work too well on polyphase power
distribution systems since the signal is shunted in the same
manner when attempting to cross from onc power leg to
another. For these reasons, wireless systems cannot be used
interchangeably with wired systems but are capable of re-
liable service when used under the proper conditions.
Although all possible combinations and tvpes of systems
cannot be covered in a single article, the author has tried to
suggest the basic types and the various features available, In-
tercoms of the types described include those most commonly
used and most reliable in their operation. A
PAGING
Fig. 9. Industrial system that SPEAKERS
employs speakers for paging.

BOOSTER
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Technicians with Passports
(Continuned from page 41)

on vourself for leisure activities is very
helpful. Hobbies make a difference. Any-
thing from hi-fi to flving goes. An avid
reader has an advantage. In fact, the
company encourages and assists finan-
cially those who undertake correspond-
ence studies to improve their store of
knowledge.

Rough conditions, sometimes encoun-
tered, may extend to the job itself. On
some assignments, you may work at a
console, sitting down. At another, vou
may have to climb an antenna tower in
a storm to make a repair. In fact, along
with conventional aptitude and informa-
tion tests, vou will have to take a physical
when you look for a job. This does not
mean only musclemen need apply. But
the more daring jobs will go only to those
who can meet certain qualifications.

Reluctance to deal with certain jobs
or living conditions need not eliminate
a candidate from field work. The com-
pany considers individual preferences
and abilities in making up assignments.
In fact, many positions are filled by those
who indicate interest in specific projects
or in trying specific jobs.

Family Problems

What does the married man do when
he has to travel? If he has no children,
he can take his wife with him on mast
but not all assignments. He must find
living quarters on his own, but he can
determine availability, probable facil-
ities, and costs within the company. If
he has very voung children, he can find
many an assignment on which they can
be taken along too. Where children are
of school age, providing for their educa-
tion may be difficult and will also involve
additional expense.

Goals, Present & Future

Why does a man go into such a career?
Eagerness for new experience is an ob-
vious motive. Money is not a dishonest
one. Average stateside income is $6000
a year plus $3100 for living expenses.
The overseas average is $7200 plus
$3830 for expenses. “Radicians” on the
IDEW Line make about $10,000 a year.
In addition, they receive free hous-
img, food, transportation, and arctic
clothing.

Since living expenses, without a fam-
ilv, are generally lower overseas than in
this country, a technician who goes
abroad alone can put aside quite a bit of
capital. Many, in fact, take on an assign-
ment for such short-range purposes as
accumulating enough to continue educa-
tion, get married, buy a home, or pay the
hills for an expensive illness in the famn-
ily. A single assignment may last any-
where from a few months to a couple of
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vears. The employer is chiefly concerned
that you complete the assignment, whose
scheduled length will be reported to you
honestly in advance. At its termination,
vou may pack up or request another as-
signment,

Many men feel that, whether thev
stay with FEC or move on elsewhere,
work of this kind is an excellent career
investment. Consider Chris Schlachter.
He studied mechanical engineering for
two vears, is 30 vears old, has been with
the company for four years. In that time,
he has had over twenty assignments,
ranging in length from one day to one
year. The sort of experience he has ac-
quired, he feels, enables him to make
special contributions in a number of dif-
ferent positions. He may consider teach-
ing in the future. If so, along with his
formal background, he will be able to
impart practical knowledge that few
others can offer. On the other hand, he
might end up in design work. He has
learned much about equipment require-
ments and shortcomings, at first hand,
that never occur to the engineer in the
laboratory. There is much to offer here.

Many men continue in field work in-
definitely, as a matter of preference.
What they have to offer in the way of
experience makes up for much of the
activity that vounger men can contrib-
ute. As they marry and raise families. a
greater number of technicians look for
job stability. Of these, a certain number
will find it elsewhere, bringing to their
new positions a variety of valuable ex-
periences acquired in field work. Al-
though FEC cannot absorb all of its men
who wish to scttle down, it manages to
relocate a substantial number of these
within the company or with affiliated
firms. It is at least as alert to the special
contribution such individuals can make
in other roles as are outside firms.

Carcers after Field Work

What positions are open to former
field men? FEC experience here is in-
dicative. L. P. Feldkamp, operations
supervisor, points out that there are
openings in supervision, management,
administration, and other staff jobs—like
his own—=which are primarily based at
the home office. Since these involve plan-
ning of field assignments elsewhere, prior
field expcerience is an asset. Other men
may end up in research and development
or manufacturing, where they make rec-
ommendations for equipment or test and
evaluate equipment, from the field man’s
point of view. Again, their experience
for this function is uniquely suitable.
They mav be placed with design and
manufacturing subdivisions in the ITT
family:.

For any prospect, the roving field job
holds the promise of immediate rewards
and the experience on which a long ca-
reer can be built. A
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RC-COUPLED
HIGH-FREQUENCY
AMPLIFIERS

A new concept in transistor circuit

design promises simplified circuitry, lower
cost, along with better performance for
wide-band high-frequency amplifiers.

By W. A. RHEINFELDER / Applications Engineer, Motorola Semiconductor Products Inc.

NEW transistor circuit-design technique using the
recently discovered principle of emitter tuning’ may
have a pronounced effect on the design of high-fre-

quency receivers in the near future. Particularly useful for
wide-band r.f. applications in the h.f., v.h.f., and v.h.f. ranges,
the new circuit technique involves the insertion of a high “Q”
resonant circuit in the transistor emitter lead, thereby remov-
ing degeneration due to the internal emitter junction induct-
ance.” This results in an extremely high transconductance
which produces high gain even with small load resistors in
simple wide-band RC-coupled amplifier designs. Moreover, it
leads to improved circuit stability, reduces the number of cir-
cuit components, and greatly enhances the possibilities for
microminiaturization.

A typical RC-coupled amplifier stage using the emitter
tuning principle is shown in Fig. 1. The circuit has a center
frequency of 100 megacycles and the only elements involved
in tuning are the internal emitter inductance plus the external
lead inductance in series with the external trimmer capacitor.
The choke in the emitter circuit effectively isolates the emitter
resistor from the tuned circuit and prevents it from lowering
the circuit “Q.” Thus the actual transconductance of the tran-
sistor approaches the intrinsic g. of the emitter junction
which is substantially higher than the published specification
for this parameter.

In many single-stage amplifiers the load is connected di-
rectly in the trausistor collector circuit to eliminate the neces-
sity for capacitance coupling. In such cases the radio-fre-
quency choke in the collector lead of Fig. 1 can be omitted.
It is used in this experimental circuit solely for the purpose of
maintaining a steady d.c. operating condition while experi-
mentally varying the value of the load resistor.

Removal of the emitter-inductunce degencrative cffect
through its use as a part of a series-tuned circuit substantially
raises the input resistance of the transistor and reduces its
output resistance. This serves to reduce the mismatch ratio
between cascaded RC-coupled stages although exact match-
ing for optimum power transfer cannot be obtained. However,
considering the fact that a 4:1 mismatch causes a loss of only
2 db in power gain the resulting mismatch at high frequencies
is not serious.

The performance characteristics of the single-stage circuit
using types 2N700 and 2N834 mesa transistors are shown in
Fig. 2. From these graphs it can be seen that the circuit pro-

vides excellent wide-band amplification. With the 2N700, for
example, a 200-ohm load resistor, R, yields approximately 12
db of power gain at 60% relative bandwidth. By way of com-
parison, the same transistor in a much more complex and ex-
pensive  “conventional” circuit would provide a maximum
gain of only 10 db for the same bandwidth.

An additional advantage of this circuit results from the
fact that the cascading of stages is simple since the loss due
to mismatching is relatively small. The measurements for Fig.
2 were taken at an emitter current of 5 ma. with a supply volt-
age of 13.6 volts. Both gain and bandwidth can be varied by
changing the emitter current.

Typical Cascaded Amplifier

A typical three-stage amplifier is diagrammed in Fig. 3. To
simulate additional cascaded stages the source and load re-
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Fig. 2. Gain and bandwidth for the two transistor types.

[ _ Power Gain | idth | 7

|Transistor| 1. Ry R: \unloaded) ""“d)laandwldthi Input 2
2N700 |5 ma.|1lk ohms { 150 ohms| 39 db 36 db 35 mec. |150 ohms
2N834 |5 ma. |18k ohms |110 ohms| 35 db (29.3 db| 33 mc. | 75 ohms

Table 1. Performance of 3-stage amplifier shown in Fig. 3.

Fig. 1. Single-stage amplifier. R, con- | ' . .
sisgts of a 50-ohm generator resistance plus Fig. 3. Typical 3-stage amplifier operating at 70 me. with bundwn.dth of 35 mc.
a series resistance equal to the difference For additional performance characteristics refer to the table directly above.
between the tronsistor input resistonce 1 136v.
and the resistance of the rf. generator. R r22 EERI r2$ 2 Rl e
— — —136V. " 150 EL 1502 g 1503
1 1 1 1 oo
%K ¢ >ﬂ)|—q- C '°°')= c »—)}—050
oo 001
00! [
Al |—< L 2NTOO  $-> 2NT00 2N700
r———
Rg =50
* Fo dois * 700 E £ { £
oouc: ‘ = . L 3. 3 3,
3 3 T-43— 3k 30K 7-45 — 3k 3k T-45 — 3K 3R =150
47K a0 es 3% pyt. 7é 3 E wt. A 2 pyt. é 3 3
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sistances have the same values as in the
cascade. (The input impedance of the
2NT700 transistor is approximately 130
ohms.)

Performance of the three-stage ampli-
fier circuit with both 2N700 germanium
transistors and the 2N834 silicon mesa
is given Table 1.

Since the amplifier was designed for
wide-band applications {approximately
33 megacycles at a center frequency of

Over 40 years of electronic research ond development
by DeWald, pioneer in high fidelity tuner and omplifier
and electronic production, has resulted in components of the highest quality
at the lowest possible cost!

CITIZENS BAND HI-FI STEREO MULTIPLEX 70 megacycles), maximum “Q” for the
“RADIO-PHONE" AM-FM TUNER R1103 tuned emitter circuit is not required. As
TRANSCEIVER a result, no r.f. chokes are needed, al-

though the emitter resistors have heen
increased to 1000 ohms to reduce their
shunting effect.

It is evident from the table that the
2N700 germanium transistor provides
higher gain in this circuit than the
2N834 silicon umit. This is due to the -
lower input resistance of the silicon
transistor which increases the mismatch
ratio. In practical applications, where
the amplifier might work into a high-im-
pedance load, the difference in gain be-
tween the germanium and silicon units
would be substantially reduced.

By way of comparison, a conventional
3-stage circuit using four tuned 1.C cir-
cuits and a far more complex circuit con-
figuration might vield a tvpical power
gain of 30-43 db with 2N700 transistors.’

The much simpler circuit of Fig. 3,

1 1 I 1 -cl-nc-l.zeo.xlsoﬂ P A v ®E B | therefore. has much to recommend it in

B 009 e | TR ]9
x 47" H. ond ¢rystal x 12 D. incl.
A Successful Formulalt € + Q + E = DW

C ... lowest possible Cost
Q... highest possible Quality
E...over 40 yeors Experience

Write for Brochure and Name of Your Nearest Dealer

Made by . . . UNITED SCIENTIFIC LABORATORIES, INC.

35-13 37th AVE., LONG I1SLAND CITY 1, N.Y.
Alse Mir.'s of DeWold HI-F| Stereo Components and FM Radio

numerous applications, A
AUDIO AMPLIFIER Guarantosd!Crystats!| REFERENGES
BUY NOW AND SAVE!L 1. "Extending the High-Frequency Response of
HERND NEW 5 gxﬁqz%:i:'}:vrgzm M:g'“ 'll:l. 005% .. .$2.95 3‘5(”(;.\-:;!::;2 ‘2"(,;,”;“956";:" Electronic Design,
HC'6 Herm, Sealed «ooeerrorrner o, 093%  o5 2. "Eficcts of Lead Inductance on High Fre-
HC-6—6 Meters (5th Overtone) ...:.:::::: 4:25 queney Trausistors,” Moterola Applications
MARINE FREQ. HC-6 (Herm. Sealed) Report £64.
Tol 005% sevvvecneiiananarannennes $075 8. A 70-Mc. Wide Band Amplifier,” Meotarola
FTe R Applications Memo £500.
%‘6{]’(‘:‘2“I(’:‘i;‘.‘f%;"}:%s.ng[gc I.I"o;g"l:t!l: 'l.mf' g.gg Aotorola  Applications Reports and Memos are
CinIZens B8ANO—11 METERS—.005% TOL. availahle froom the Teclnicel Information Center,
26.965 to 27.225 MC, 3rd Over. Herm. Seal. or Moterola Semiconductor Products Inc., 5005 East
USAF | 1 lz;:-!:g 5125 . C?d ----------------- $2.95 McDowell Road, Phoenix 8, Arizona.
nepl il 3.4 a 13, M nd Harm. Herm, Seal. or
SURPLUS %l;:!GTlalag i Lo , . .

6741.25 to 6806.25 Ke, 4th Harm, FT:243 only.......$2.50
Ready to operate from 110 Volt, 60 cycle A.C.

Amplifier features a five-tube printed circuit board
53" x 714" (which conld be removed and used as a
basic construction unit for other clectronic equip-
ment). Board has 34 resistors, 23 capacitors, and one FT7-243 Holders 5700 KC to
T"‘h’f~ T 8700 KC in steps of 25 KC's
ubes are premlum type as follows:
35751 WA (12 AX 7) 1—12 AT IW 1—6 AQ § SEND FOR FREE CATALOG
Power supply uses 5Y3W (ub;:. TOTAL RETALL 0C-34 Hold. 1690 KC to 4440 KC steps of 10 KC, ea. $1.19
VALUE OF TUBES ALONE IS $18.25]
Transformer output is 540 VAC @ 65 MA, 6.3 ct 2.5 NOVICE BAND FT-243 Fund. es. $.] 49

SPECIA T Ny
00

92,0 l )

a., 6.3/2A & sv/2A. Input impedance is soo0 ohms. ..
Conservatively Sr‘;tcd at 5 watts output, but capable of &0 Meb 3701-3748—Steps of 1 KC. FT-243

10-12 watts peak power. 40 Met. 7150-7198—5tepa of 1 KC. FT-243

Dbl. 1 40 Mel. 35763559, Sleps of 1 KC. FT-243

15 Met. 5276-5312—70034- 7083 Steps of 1 KC. FT-243
F1.243—2 Meters {Steps of 1 KC) ...........

F1-243—6 Meters (Steps of 1 KC) ......
FT7-243—From 3000-4000

Attractive bluc cnamecled front panel is 13" x 73",
has on-off switch, pilot lite, velume control, scnsi-
livity control, calibration switch, and alarm switch.
A.F. used amplifier as an aircraft approach alarm.
Sensitivity control is set to the sound level, which,
when exceeded, causes a plate relay to close the cir-
cuit which in turn can operate 2 bell, light or motor.

Exceptionally high gain of this amplifier makes it F7-243—.005% Tol. From 3000-8750 ..........
suitable as a preamp for low level magnetic pliono F1-243—.01% Tol. From 3000-8750 ...........
pickup, 1ape recorder heads, microphone, cie. Readily F7-241 SSB Low Xtals 370
adaprable to such uses as hi-fi phonograph amplifier, (Steps of 1.852 and 1.3 L5 .69
intercom amp., burglar alarm, public adilress system, IPS . eevroeecancnsnne 2.39
booster amp. FT-241—AN/TRC-1-721.167 KC-1040-625
Shipped express or truck, freight collect. (Steps of 1.042 KC—Except 1000 KC)...... $ .96
B Inctyde Se per crystal postage. (U.S. only). Canf. add
PRICE: $1 4.95 3 tax. No C.0.D. Prices sublect ta chi. ind. 2nd cholce,

fob Syracuse, N.Y.

ROTH STEEL CORP- “The House of Crystals”

127 Dakwood Ave. GR 5-8431 U.S. CRYSTALS, Inc. “I's someone at Gravel Cl:ych Cmp:nv h::-:
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why does
Blonder-Tongue
offer two new
indoor boosters?

Let’s talk straight-from-the-shoulder about indoor boosters.
Transistor boosters provide higher gain and are more rugged,
but they have one problem—overload (windshield wiper effect,
loss of sync, ete.). If you use a transistor booster in an area
with one or more strong TV or FM signals — you may be buy-
ing too much booster! On the other hand, tubed boosters per-
form very well in these areas—and what’s more, they cost less.
That's why Blonder-Tongue has two new home indoor boosters
— the transistor IT-4 Quadrabooster and the frame-grid tubed
B-33 Amplicoupler.

The B-33 costs less than the transistor IT-4, $19.95 as against
$33.00. In most cases, the extra cost of the IT-4 is more than
justified by its remarkable performance and long life. How-

indoor or outdoor * tubed or transistor « VHF or UHF + 1 set or 4 sets

(

ever, if the B-33 can do the job, we don’t want you to spend
more than is necessary for the finest TV reception.

Which one is best for you? Try one, or both. They can be
hooked up in seconds at the set terminals. Try them on all
channels. With either an IT-4 or a B-33, you'll end up with the
best TV reception possible.

BLONDER-TONGUE IT-4 TRANSISTOR QUADRABDOSTER « 4 to 8X increase
of signal voltage for 1 set ®* improves reception onup to 4 TV
or FM sets » long-life transistor ¢ stripless terminals ¢ exclu-
sive neutralizing eirecuit minimizes overload. List $33.00
BLONDER-TONGUE B-33 FRAME GRID AMPLICOUPLER ¢ More than 2X
increase of signal voltage for 1 set * Improves reception on up
to 3 TV sets ¢ Lowest price multi-set booster on the market.
List $19.95

MODEL AB-4-AC.

BLONDER-TONGUE TV/FM BOOSTERS

MODEL AB4-AC, Transistor Mast-Mounted TV/FM Booster w/remote AC power
supply. Provides brilliant reception on up to 4 sets from a single antenna.

Takes advantage of the optimum signal-to-noise ratio. ......... ...List $34.95.
MODEL AB4 with remcte battery power supply. cccvvivinninniniinnen List $29.95.
MODEL B-24c, 4-set TV/FM Booster. Low cost home TV system uses rugged MODEL B-24c.
frame grid tube to power for as many as 4 TV or FM sets. ...........List $24.95,

MODEL BTA, TV Booster. Lowest cost booster on the market. Improves TV

reception in prime or weak signal areas. .......ccccccvivveceienrenninnen.. List $15.70.

MODEL UB, UHF Booster. Brings in UHF where all other methods fail. 5 models

cover all channels from 14 to 83. ..ccvirieriiiiininieniesereniense s List $88.00.

For better TV reception—anywhere— see your Blonder-Tongue service-dealer. Write for literature.
engineered and manulacfurad_ by

BLONDER XTONGUE

Canadian Div.: Benco Television Assoc., Ltd., Tor., Ont. Exzport: Rocke Int'l. Corp.,, N. Y. 16—CABLES: ARLAB
home TV accessories ® closed circuit TV systems o UHF converters » master TV systems

September, 1962 CIRCLE NO. 102 ON READER SERVICE PAGE
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SWITCHED-RESISTOR CONTROLS

Close-tracking stereo controls, accurate linear and tapped
pots may be made with fixed resistors and a rotary switch.

RE YOU tired of looking
A through component catalogues

for those special tapped volume
controls, high-linearity potentiometers,
and close-tracking dual volume controls
for stereo amplifiers? The use of
“‘switched-resistors” can solve most of
these special problems quickly and in-
expensively. All parts required are
readily available and economical.
Switched-resistors, shown in Fig. 14,
are merely individual resistors that are
controlled by switches to simulate vari-
able resistors.

Applications

The Baxandall feedback tone circuit,
which has appeared in many articles
in this and other publications, requires
a 500,000-ohm linear-taper pot with a
tap at 250,000 ohms. The only unit avail-
able was one with a tap at 225,000 ohms.
Using the switched-resistor technique,
this tapped resistor was easily obtained.
Another circuit using a tapped resistor
control for a compensated loudness
control, shown in Fig. 1B, posed quite a
problem until the switched-resistor
technique was applied.

Stereo sound systems require identi-
cal dual controls to provide balanced
outputs from the amplifiers. Tracking
and tolerance errors of most controls
available today are about 5-109%. With
switched-resistor methods, the toler-
ance, tracking, and linearity char-
acteristics can be tailor-made to almost
any desired value. Using switched-
resistors, the flat positions on tone cir-
cuits can be found easily and recorded
for future reference. Thus previous set-
tings can be recalled for best sound
reproduction from each input.

Some variable resistors have a switch
that attaches to the rear of the unit.
These are usually s.p.s.t. or d.ps.t.
Using the switched-resistor technique,
one or more extra wafers are added to
produce the desired switching func-
tions. Sequential switching, as the re-
sistor value is varied, is entirely possi-
ble, if desired. Perhaps one needs a
four-gang pot with a three-pole, single-
throw switch in a particular applica-
tion. This item is not generally listed in

Fig. 1. (A) Basic switched-resistor cir-
cuit. (B) Special tapped loudness control.

(a)

— I"’ o 0
.,EI I.E

the catalogues and is an unusual re-
quirement. It can, however, be made
quite easily with switches and resistors.

Potentiometers are usually replaced
when they get noisy or become inopera-
tive. Using switched-resistors, the noisy
or defective resistor can be replaced at
low cost; no need to purchase a whole
new unit. Low noise levels are a “must”
for good sound systems; however, the
typical potentiometer may hecome rela-
tively noisy. Low-noise variable resis-
tors can be made using low-noise re-
sistors and switches with double-wiping
contacts.

High-wattage potentiometers are
usually wirewound units and these, as
we know, have an effect on the fre-
quency response hecause of their in-
ductance. Using carbon resistors (or
other non-inductive resistors), high-
wattage variables can be assembled
which will have little effect on the fre-
quency response of the unit. Dual units
can be made to control different power

RESISTANCE

R4
LINE 3

SWITCH POSITIONS
Fig. 2. Graphical method of construction.

Table 1. Resistors used for a 50,000-chm,
5%, 24-position potentiometer control.

Step Computed Values SS9, EIA Valuves
1 125k 12 k
2 9.38 k 9.1 k
3 7.04 k 6.8k
4 5.28 k 5.1k
5 3.96 k 3.9k
6 297 k 2.7k
7 2.23 k 2.2k
8 1.67 k 1.6 k
9 1.25 k 1.2k
10 938 210
n 704 680
12 528 510
13 396 390
14 297 270
15 223 220
16 167 160
17 125 120
18 93.8 LA
19 70.4 68
20 52.8 5
2 39.6 39
22 29.7 27
23 22.3 22
Total Res. 51.0 k-ohms 48.2 k-ohms
Note: values rounded off to three places

CIRCLE NO, 133 ON READER SERVICE PAGE
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By ROBERT K. RE

levels with one knob. The wattage of
each resistor is determined by the
power levels involved. Normally the
method of determining the wattage of
each resistor is as follows: (1) De-
termine the maximum applied voltage
across the switched-resistors; (2} Com-
pute the current that will flow through
the whole string of resistors; (3) Using
Ohm’s law, compute the power dissi-
pated in each resistor; and (4) If the
power level is, say, one watt, use a
2-watt unit for a safety factor. Higher
wattage units will give an even greater
safety factor.

Circuit design need not be com-
promised if a special value of variable
resistor or taper is required. Thus a
13,000-ohm reverse audio-taper pot is
easily constructed. The level changes
between steps can be made to conform
to decibels, decade, or linear voltage
changes by proper choice of the resis-
tor values. The resolution is limited by
the number of switch positions used.

Construction

Linear potentiometers are made by
taking the total resistance value and
dividing by the number of switch posi-
tions minus one. Thus a switch with 11
positions and ten 1000-ohm resistors
will make a 10,000-ohm linear switched-
resistor.

Graphical methods of construction
are as follows (see Fig. 2). (1} Draw a
graph of resistance (ordinate) as a
function of degrees rotation or switch
positions (abscissa); (2) At each
switch position or degree index, draw
vertical lines up to the resistance curve;
(3) At the intersection of each vertical
line and the resistance curve, draw
horizontal lines to the resistance scale
on the left. The actual resistance value
is found by subtracting one resistance
value from the other, thus the fourth
resistor value equals Line 4 resistance
minus Line 3 resistance (see Fig. 2).;
(4) Reversing the order of resistor posi-
tions on the switch will reverse the
taper of the switched-resistor control
(this assumes that clockwise rotation
produces increasing resistance for the
normal unit).

To illustrate the mathematical meth-
od, let us design a 50.000-ohm, 5% tol-
erance pot with a 24-position switch.

Fig. 3. Circuit constants used in formulas.

ELECTRONICS WORLD
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) Perhaps two years from now the quality of this
tape may be duplicated...perhaps never!
-—a physically perfect

tape...a musically perfect sound.

GOLDEN
TONE

L SUPERIOR MAGHETICTAPE

SOUNDCRAFT

1 ) apla 100 e
TENSILIZED

*DuPont®Lif. GOLDEN TONE 8Y REEVES SOUNDCRAFT CORP.
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Youn .Pnoms on 20 0M

FROM THE

Cimizens BAND

-

Reliable . . . since 1938!

Citizens Band (CB) is just one part of boom-
g mobile radio. There are aver TWO MIL-
LION other mobile radics. each needing reg-
ular maintenance. Your free copy of ~How to
Make Maney in Mobile-Radio Maintenance’
will show you how to start!

NEW: THE PPM METER_ an accessory for the
Type 105-B. Accuracy better than 0.0001%,
for split-channel transmitters above 50 MC
(not CB). PPM Meter price: $147.00 net, im.
mediate delivery.

LAMPKIN
LABORATORIES,

MFM DIVISION

INC.

TENNA-BOOST

Mounts on Any Anfenna!

19 D.B. GAIN! CUTS SNOW. BOOSTS SIGNAL

Make any TV or FM Antenna work
better by amplifying signals with the
new Winegard Tenna-
Boost.

19 DB gain—no peaks
and valleys. Linear fre-
guency response—extreme-
ly low VSWR. All AC
power supply.

Because of its extra power, the Wine-

gard Tenna-Boost can be used to operate

up to 6 TV sets from one antenna. Works

perfectly for black and white and color
. plus FM and FM stereo.

There’s a big difference in antenna
amplifiers! Ask your distributor or write
for technical bulletin.

Winegard

3003-9 Scotten, Burlington, fewa
CIRCLENO.152 ON READER SERVICE PAGE
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MA-300 [

POWER SupPLY

BRADENTON, FLA.

Right now . .. Citizens Band occupancy totals more than 200,000
transmitters . . . the growth rate is over 8,000 installations per
month! Only properly licensed and equipped servicemen can
make frequency adjustments on these transmitters. PREPARE
YOURSELF NOW FOR THIS BUSINESS IN YOUR AREA!
To learn more, use coupon below.

The LAMPKIN 105-8 MICROMETER FREQUENCY
METER Is a natural for CB work. Small, pertable
and rugged. Guaranteed accuracy of 0.0025% is
ample for CB. Calibration readings supplied free
on request for all 23 Class D channels. Immedi.
ate delivery. Price only $260.00, net.

BOOM

MAIL COUPON
TODAY!

3
_______ N
LAMPKIN LABORATORIES, INC. I-.Il

| MFM Division, Bradenton, Florida
At no obligotion tc me, please send free I
| booklet and information on Lampkin [
meters. |
Name. I
Address SR :

F REE Cul’ulog

-~ OF THE WORLD'S FINEST
1% ELECTRONIC GOV'T
SURPLUS BARGAINS

¥ ANTENNA
"_- P |
1. EQUIPMENT
GROUND PLANE
- ANTENNA:
J[ i GITIZEN — COMMERCIAL — Made  from

sturdy sUrpius insuiaied Base and
Screw-in type Elements. For use in the 25 to 50 MC
Bands. Specially cut to Yyour operating frequency
(Specify Frequency when orderlng) § 95
With Adapter for 1” pipe mounting..

MAST BASES—INSULATED'

MP-22 BASE—(1ustrated) ins. spring

F actuo: d:r.ectlondof bracket can be
! raised or lowere

easily ... ,.........., 2-95
MP-S$-33 BASE—Insulated type with
heavy czoilhsp{infg and 5" dia. Ins. Re-
quires ole for
mountlng Wenght 9 Ibs. 3-95
MP- —Ruhged w/Ins. above
sprmg w-u take MS-53/54 mast sec-
tions. 3” dia. 1612" 2
high. Weight: 1134 Ibs. [

MAST SECTIONS FOR ABOVE BASES:

Tubular stee! :onntr Coated, palnted, in 3 ft. sections,

MS-52-51- 5
Larger Dla. Section M5-5

Prices F.0.B..

crew-in ty| %$-53 used to make any Iength with
49 |or taner‘ Any Section: & SO¢

Mall Handy Coupon lor Your copy of Free 'c'a'til'o';i
Lima. 0.—%5.00 Minimum Order—239,
Deposit an €.0.0.s

FAIR RADIO .Ejl:ll
2133 ELIDA RD. - Box TIOS5 - LIMA, OHIO

DEPT. EW 62-9
Please send copy of FREE Catalog to:

NAME:
ADDRESS:
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The level changes per step are to be
equal and should be 2.5 db. This will
allow us a 60-db range of control over
the input signal. Equations 1, 2, and 3
show that the resistance ratio is pro-
portional to the wvoltage ratio. if the
current is constant. The loading of the
succeeding circuit will change the cur-
rent, but usually not enough to serious-
ly affect the attenuation ratio. With
reference to Fig. 3 the following equa-
tions apply:

20 log (E./E))

............................. (1)
where: E. = output voltage and B, =
input voltage, but

E=IXR......000ciiviiennn.. (2)
therefore,

Atteannation (db)

20 log (R./R))
(3)

where: R. = resistance from slider to
ground and B, = total resistance of the
unit. If full output (maximum resist-
ance from the slider to ground) is as-
sumed as 0-db attenuation, then the
first step must attenuate —2.5 db. Thus,

using Eq. 3:
—25db = 20 log (R./R))
or,
log (R./R) = —25db/20 = - 0.123

The number whose log is —0.125 is 0.75,
therefore :

R./R. = 0.75
or,

R. =075 X Ri....ioiveneana. &Y
Thus, R. = 0.75 x 50,000 ohms = 37,300

ohms. This means that the first resistor
equals:

R, — R. = 50,000 — 37.500 = 12.500
ohms.
The value of the next resistor can be
found by using the first value of R. as
the new R, in Eq, 4, and subtracting the
new value of R. from the new value of
R,. Thus the second resistor equals:

R. = 0.75 x 37,500 = 28,100 ohms

Second resistor = 37,500 — 28,120 =
9380 ohms.

The other resistors are calculated in
a similar manner. However, a simple
method will produce the same results
quickly. Just multiply the value of the
first resistor {12,500 ohms) by 0.75 to
find the value of the second resistor.
Multiply the value of the second resistor
by 0.75 to find the value of the third re-
sistor, and so on. Table 1 lists the values
obtained and the 5% EIA values chosen
to construct the control. The exact
values are shifted to the closest FIA
value. If one resistor is shifted down to
the closest EIA value, shift all of them
down so that the relative ratio among
them is about the same as before.

Either the graphical or mathematical
method can be used to determine the
resistor values. Curves of most any re-
sistance-rotation characteristic can be
duplicated quickly using this method.
Normally '2- or Y%-watt resistors are
sufficient if more than ten resistors are
used for the control. Thus ten !j-watt
resistors will make a variable resistor
with a 2.5-watt rating. Increasing the
wattage rating of each resistor will pro-
duce less noise, less resistor drift with
time, and insure longer life.

ELECTRONICS WORLD


www.americanradiohistory.com
www.americanradiohistory.com

ELECTRONIC ANALOGIES

By ROBERT P. BALIN

LECTRO-mechanical analogies are very important in |
understanding many principles of electronics. \What F
makes them valid, or possible at all, are some of the most |
important fundamemal principles of physics. '
See if you can matech the electronic components and the
mechanical devices shown below on the basis of their func-
tions and operating principles. Then turn the page for the
correct answers and their explanations. A

‘wninpuad ayl
40 y18ud) 3yl £g PauIWIAIP S| UDIE|(|ISC SH 4O ADJuanbayy dByp 'Buims s} JO WO}
-30Q 3yl e Ai3pms Buinow 3pym sey )1 eyl K3i3ua anduly ayl oju) Juims sy
JOo Spua Bwauxa a3y} e AJeuoijels A|izejuswow 3wag 3pym sey 31 jey; A3iaua
|enuajod ayy sadueydxa qoq Buims 3yl wninpuad e U] "A3J3ud |eIJ03|R |ENUI] |
-od yym Joj1oeded ayy a3Jeyd> 0] SU0JIIB|D JO MO|j B OJUI PIJJIAUOD 2Q UED JO)
-Onpul 3y} punote praty Inaudew By} u) PaJo3s A3JBUd 21312313 133U Y} YAIYM
je 8jes ay) Aq pauiwialap Aduanbasy B Je 31e|Pas0 |||M }INOND JueuOSaS ¥ “3-0T
‘W0N33NP Bud AUO Ul Jjeys € O usiej0s Sywaad wsiveydaw
|MBd pue }3Y3je) Y UOIID3JIP 3UC A|UO Ul MO|) UOUIDB|A S}iwsad J3d8s ¥ g
‘punosd 3y) 0} sajdde Siind piat (euoieyAeIB s,yjles
3y) jey) Aem awes 3yl ui plary dijauBew S} YPM S|jeu sydes)je jBudew y )-8
TWIRYD B UL NUI 1SaNBaM By) 41| ‘2iDj3iay)
S19e ]| "PEO[4IA0 UB S} J3Y] UBYM ]SJIj UAMO SUINQ J0;3IBY] PUB ‘JINDID IY)
Ul Juduodwod Jayjo Aue ueyl Juijes JUIIIND JBMO| B SeY }INDJIZ € U] AISN} Y G-/
jeay saonposd osje ‘Jujop 0 w1 Pue ‘wnip Iyesq B JO uCHOW
Yl 0) U0} JO WJO) AY) Ul IDUBISISIJ I|QRIJBA € SIPIACJd J0YS INEIq Y "JBdyY
$30NpoJd JU3LIND I1J2I3 UB YIIUm ul IDUBYSISAJ |qelsnipe ue st Jejsodys v g
‘anbJo} Jaydw e 3uwaey inq ‘paads mo| B jB
Buneos eys e 0) anbioy mo| pue paads ydiy je Buiesado A3 Ind e wosy JImod
|EDIWEYd3W $i3jSuel) AP }13q v ‘|enba 3Je Jamod jndjno pue ynduj 3y} jey} os
yuaund J3ydiy € Je Jnq ade} oA Jamo| e 0} umop 1 dals pue Juand moy pue ade
}10A yBiy e e paiddns Jamod |ed11}33|3 3je) ued J3W.IO)SueS) umopdais ¥ "0-§
‘paydlaIls S1 Buins ayy udym K3i3ua |ediueydaw
§3J0)s Moq Y ‘padieyd sy uaym KB3Jauad |eJuUI3ld §3J0)S JOjJIoBdEY Y C9-p
-adid e ul i3)em JO MO|} By} $|0JJu0d Bajea 33ed e se jsnl J1 y3nosyy suosyIB|3
JO MO|) 3y} |0J)UGI URD }I ISNEIIQ 3A|BA B P3||ED UBYOC S| 3QqN} WNNDEA Y “Y-f
‘puncud 3y) pue jsew euusajue ue '3jdwexs 10} ‘udam}ag 3im And e jo
uoisual ayj }snipe 0} pasn 3dia8p BuljAROD 3y} ‘BYONquin} e axij S1 SIuIpuIM
A18pUCDAS pue Asewiad Byl UIIMIAQ BuldNOD J|QEILIBA YIIM JBULIJSURIL Y H-Z |
‘PuUn0J3 3acqge yuel 3y) Jo Jydjay 3yl AQ paulwialap ainssaid €
18 A10dnS Ued 11 ydiym JALBM 310}S LRI HUB} ¥ |32 |BAPIAIPUI UR 40 UC)}ISOOWED
1831wyl ayl AQ PaulwiIp unssaid B3I 10 AJRYCA B B JINDAID. I14)D3|3
ue 0} Palddns 39 UBD ydIym A3I3ud [BI1IDII3 JO JICAIISDL B S| A131ieq ¥ 4T

Yol ||
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especially designed for

INDUSTRIAL use!
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Where will you be
10 years

from today?

1Yy

Now, you can put your finger on the electronics career of
your choice, and RCA Institutes will help you train for it—
right in your own home! RCA Institutes Home Training
Courses can lead you directly to the kind of job you want!
If you are looking for a career in electronics, here is your
chance to plan a successful future for yourself—the RCA
‘way—right down the line!

Let RCA help you find the answer with a profitable career in electronics

RCA Institutes, one of the largest technical schools in
the United States (devoted exclusively to electronics),
offers the finest facilities for home training. A service of
the Radio Corporation of America, RCA Institutes gives you
the technical instruction you need to plan, build, and realize
a fifetime career in today’s fastest growing field.

RCA Institutes offers both home training and classroom training—whichever best fits your needs. See the adjoining page
for a dramatic example of how RCA can help you plan for the future you want! Licensed by the New York State Depart-
ment of Education. Approved for Veterans.

www.americanradiohistorv.com
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RCA CLASSROOM TRAINING
IN NEW YORK CITY AND LOS ANGELES

RCA HOME TRAINING

INDUSTRY
DESIGNATED
JOB TITLES

THIS IS THE
RCA TRAINING
THAT WiLL
HELP YOU GET IT!

QUALIFICATION

Engineering Aide,

Lab Technician,

Field Service
Engineer,

Test Engineer,

Technical instructor

Electronics
Technology (T-3)

High School Grad
with Algebra,
Physics or Science

Electronic Technician,

Field Technician,

Computer Technician,

Broadcasting
Technician,

Customer Service
Engineer,

Instrument Technician

Industrial and
Communications
Electronics (V-7)

2 yrs. High Schoo!
with Algebra,
Physics or Science

TV Serviceman,
Electronic Tester

Electronics and
Television Receivers
(v-3)

2 yrs. High School
with Algebra,
Physics or Science

THIS IS THE
INDUSTRY RCA TRAINING
DESIGNATED THAT WILL
JOB TITLES HELP YOU GET IT! QUALIFICATION
Radio aligner, Radio-Electronic 8th Grade
Repairman, Fundamentals
Tester
Black & White Television Servicing | Radio Background
TV Service
Technician
Color TV Service Color Television Black & White
Technician Television
Automation Automation Radio or Electronics
Technician Electronics Fundamentals

Radio or Electronics
Fundamentals

Transistor Circuits Transistors

Specialist

Transistor Circuits
Specialist

Transistors

Radio background

Junior & Senior
Detail Draftsman

Electronic Drafting
(V-11,V-12)

2 yrs. High School
with Algebra,
Physics or Science

Color TV Service Color Television Television
Technician background

Hi-Fi Service Audio Hi-Fidelity Radio background
Technician

Transmitter Communications Radio or Electronics

Technical Writer

Technical Writing

Electronics
background

Technician, Electronics Fundamentals
Communications

Specialist
Junior Electronic | 8th Grade
Draftsman Drafting
Coder, Computer High Schoo! Grad
Programmer, Programming plus 1.year
Analyst business experience

Cameraman,

TV Film Editor,
Video Technician,
Director

TV Studio
Production (S-1)

High School Grad

Console Operator,
Junior Programmer

Computer
Programming (C-1)

College Grad or
Industry sponsored

Radio Code Radio Code 8th Grade
Technician
Preparatory Preparatory Math 1 yr. High School
& Physics (P-1)
Preparatory Preparatory 1 yr. High School
Mathematics (P-OA)

e Free Placement Service. RCA Institutes graduates are
now employed in important jobs at military installations
such as Cape Canaveral, with important companies such
as IBM, Bell Telephone Labs, Genera! Eiectric, RCA, and
in radio and TV stations all over the country. Many have
opened their own businesses. A recent New York Resident
School class had 93% of the graduates who used the
FREE placement service accepted by important elec-
tronics companies, and had their jobs waiting for them
on the day they graduated!

Note: 3 additional locations. RCA Technical Institutes offers
a limited selection of basic resident school courses in Elec-
tronics in Chicago, Phitadelphia, and Cherry Hill, N. J. (near
Camden). For complete information write the name of the
city of your choice on the attached postcard.

e Voluntary Tuition Plan for Home Training Courses.
This plan affords you the most economical possible
method of home study training. You pay for lessons only
as you order them. If, for any reason, you wish to inter-
rupt your training, you can do so and not owe one cent.
No other obligations! No instaliment payments required!
e You get Prime Quality Equipment. Afl kits furnished
with home-training courses are complete in every respect
and the equipment is top grade. You keep all the equip-
ment furnished to you for actual use on the job, and you
never have to take apart one piece to build another!

SEND POSTCARD FOR
FREE ILLUSTRATED
BOOK TODAY! SPECIFY
HOME STUDY OR

NEW YORK OR

LOS ANGELES
RESIDENT SCHOOL

RCA INSTITUTES, INC. pept. ew-92

A Service of the Radio Corporation of America,
350 West 4th St., New York 14, N. Y.
Pacific Electric Bldg., 610 S. Main St., Los Angeles 14, Calif.

The Most Trusted Name In Electronics

[

September, 1962
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NOTHING, BUT NOTHING,

makes these subjects
easier to understand than

“TEACHING PICTURES"

electricity + electronics - gyros
TV . radio communications

BASIC ELECTRICITY {5 Vol. Course} by Van Valken-
hurgh, Nooger & Neville, Inc. . . . . no excellently
urranged and so cmply illuntrated that even the
rank beginner can rapidiy grasp the full import
of any topic under discussion . . .”"—POPULAR ELEC-
TeoNics. This is the civilian version of the illus-
trated course on electricity hrepared by the
authors for the Common-Core Program of the
U. 8. Nuvy and used by them to turn out trained
technicians in record time. More than 900 care-
fully selected illustrations supported by crystal-
clenr text make electricity completely understand-
able. 7169, 5 vols., soft covers, $11.25; r169-1 all
5 voly. in single cloth bLindings, $12.75.

BASIC ELECTRONICS {S5-Volume Standard Course)
by Ven Valkenburgh, Nooger & Neville, Inc.
“e» . hetter and quicker way to teach and learn
« ¢ +"==FT, GORDON RAMBLER. Available ns hereto-
fore. the 5-volume civilian version of the illus.
trated U. 8. Navy course prepared by the authors,
ecovers vacuum tube diodes and power supplies,
amplifiers, oscillutors, transmitters and receivers.
FLlTu, et of vols. 1 to V in soft covers, $11.25;
#170-H all 5 vols., in single cloth Linding, $12.75.

BASIC ELECTRONIC VOL. VI ONLY by Van Valken-
burgh, Nooger & Neville, Inc. *. . . the section on
trandintors alone is worlth the price of admission
+ ¢ o= TOFULAR ELECTRONICS. For the many tens of
thousands who have completed the 5-volume stand-
ard course, the 6th volume on semiconductors,
trunsistors and FM ean be bought separately.
#L70-6, soft. $2.90; #170-6H, cloth, $3.95.

BASIC ELECTRONICS (Expanded Course) by 1'an
Valkenburgh, Nooger & Neville, Ine. Consists of
6 volumes including the above j-volume Standard
Course, plus a 6th volume which expands into the
arcas of semiconductors, transistors and frequency
modulation, #170-X, set of vols. I to VI in soft
covers, $13.85; £170-XH, 6 vols. in cloth, $14.85.

BASIC RADIO hy M. Tepper. "leads the reader
wtep-by-step in plain. every day language to an
understanding of radio circuits . . ."' — DESIGN
NEws, This 8-volume ‘pictured-text’ course is the
best that exists on radio communications. No pre-
vious knowledge of electricity is required——the
course tenches it. It covers everything from funda-
mentals of electricity to transmitters at the tech-
nical institute level. #1497, 6 vols., soft covers,
$13.85; ¥197-H, 6 vols., in 1 cloth binding, $14.85.

BASIC TELEVISION by Alexrander Schure, I’h. D.
*. .. the mont understandabie presentution of the
hanic theory, operation and circuitry of black and
white television ever publivhed . . " —ELECTRONICS
& COMMUNICATIONS. K148, 5 vols., soft covers,
$11.25; #198-H, 5 vols. in 1 cloth binding. $12.75.

BASICS OF GYROSCOPES by Carl Machover. *'dra-
matic and forceful, yet extremely lucid approach
o oo very useful”-INDIAN & EASTEKN ENGINEER,
A wealth of information about the entire field of
Kyroscopes 0 up-to-date much of the mauterial
in it has only recently been classified.

The hook begins with an explanation of the con-
struction and the bhysics of gyroscope operation.
1t progresses to the commercial types of gyro-
scopes and thejr utility for stablilizing purposes,
as used in equipment commonly bound to the
earth’s surface. Changes in gyroscope design and
construetion as required for application in space
vehicles, missiles and ete.. are detailed, p257. 2
vols,, soft cover, $6.80; §257-H, 2 vols. in one
cloth Linding—$7.75.

Aveilable at electronic- distributors, or wse con-
venient coupon beloiw,

10-DAY MONEY-BACK GUARAMTEE

: JOHN F. RIDER PUBLISHER, INC. ;
, 2 dlvision of the Hayden Publishing Co. Inc. 1
| 116 West 14th Street, N. V. 11, N. V. 1
: Enclosed s . Please send :
1 me postpaid 1
1 O #169, $11.25 O #170X, $13.85 [}
1 O #169H, $12.73 O #170XH, $14.85 1
! O #170, $11.25 0 197, $11.25 L
i [ #170H, $12.75 [ #197H, $12.75 s
' [ #170-6, $2.90 O #257, $6.60 )
1 O #170-6H, $3.95 [ #257H, $7.75 1
] ]
1 NAME !
1 1
! ADDRESS. ]
] ]
1 1
)

T JONE__STATE _______ 1
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Relay Electronics
(Continned from page 49)

(Fig. 2). Chief difference is use of a
speaker as the output load, for audible
indication, instead of a bulb. Although
a 4-ohim speaker is shown, voice-coil
impedance is of little consequence. Op-
erating frequency with the values shown
is adjustable from 13 to 300 pulses per
minute, encompassing the full range of
conventional metronomes with room to
spare at either extreme,

The circuit has also been employed
in a sports-car rally computer (a device
used to gage averuge speed) by sub-
stituting @ counter for the speuaker.
Accuracy was commendable, In such
an application, stability of the voltage
supply is important.

Especially interesting as a multiple-
output, low-frequency generator, the
multivibrator of Fig, 7 is also good for
getting a laugh with its audible clip-
clop. When power is applied, both
relays try to close but, hecause of slight
differences hetween the two sides of the
circuit (as with tube multivibrators),
one closes before the other can. The

PULSE WIDTH-2 TO 3 SECONDS

PULSE SHAPE
ACROSS C
80
. : ot | M MY DV.
’\ = —€ ACROSS R
TRIGGER
R = PUNIPENS NApRY Mg
ox ov.
|
ACROSS CAR
------------ ov.

Fig. 8. Another multi-output generotor.
It is olso on excellent pulse streicher.

fuster relay drops out when the capacitor
in series with it is fully charged, and
applies current to the other relay and
its series capacitor. Pull-in of the second
relay switches the first capacitor’s con-
nection so that the latter can discharge.
This cycle of operation repeats as long
as power is applied.

Specifically, assume RL: closes first.
Its coil is in series with C through the
contacts of RL,, so the capacitor charges,
When C. is fully charged, current ceases
to flow in the series circuit and there
is no voltage drop across the coil of RL..
The latter can no longer hold. When
it switches, it puts C: in series with the
supply through the winding of RL.. The
charging current through C. produces a
sufficient drop across RL, to pull in the
latter, which connects C. to ground
through R, so that the capacitor can
discharge. The purpose of the resistor
is to limit discharge current.

Operating frequency can be set by
varying E, With the values shown, a
range from 28 to 46 volts will produce
output from 32 to 27 cyvcles per minute.
If output is taken between point A and
| ground, a fairly good square wave is
| obtained. Point B vields a good saw-

www.americanradiohistorv.com

tooth. The voltage across the resistor
(point C) is a series of spikes at twice
the frequency of the other two wave.
forms. Some juggling of component
vitlues may be needed to get good wave-
form symmetry.

The one-shot circuit (Fig. 8) is ex-
tremely versatile. The width of the
output pulse can be varied by manipu-
luting the values of R and/or C. Thus
the configuration can serve as a pulse
stretcher: a pulse too narrow to oper-
ate a counter, power relav, or other
device can be lengthened.

If a d.p.d.t. relay is used in place
of the s.p.dl.t. type shown, the circuit
can be made an excellent square-wave
generator or scope calibrator. A stable
voltage source would be needed in the
latter application, of course. The circuit
can also act as a frequency divider if
trigger wmplitude, shape and width of
the pulse, and frequency are kept nearly
constant.

Adjustable Fusing

The over-current relay of Fig, 9 is
an excellent, stable, and quick-acting
cut-out. In many applications, such as
when even a slight overload is not to he
tolerated, it is preferable to a fuse. The
relav “measures” load current in terms
of the voltage drop across R, which is
in series with the load. When this cur-
rent becomes too high, the relay begins
to pull in, removing power from the
source,

However, in disconnecting power
from the load, the relay cuts off its own
driving power. Thus, without the ca-
pacitor, the relay would never complete
its cvele. The charge on the capacitor
across the relay coil is enough to camnry
the armature all the way to the pulled-in
position. Once contact is made here,
holding current is maintained through
R:. The value of the latter, not very
critical, is simply selected or adjusted
to limit coil current to a safe value,

Since the network serves as a ver-
sitile fuse whose rating can be changed
at will, it can be very useful in varialle-
voltage supplies. Dial scales can be made
tor the shafts of R, and R: to permit con-
venient adjustment to various loads.

The value of the capacitor may also
be determined by the use to which the
supply is put, If the latter is employed

Fig. 9. How to maoke o quitk-acting fuse
—whose “‘rating’’ you con chonge ot will.

RL
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AMERTRAN PLATE TRANSFORMER

Frlml'y 105-125 AC. 60 Cy. Secondary
31

-0-3100 V. 600 MA

(2 KVA) Price

ACc @

PANEL METERS

27 Meter g-;ssv::'n AC.. . 3.9%

= P

IOOOIOO Mlﬂ'b- S: i: west. Running ¥ime

530 7 o IR LR
rs. . Guar. T
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3" Meters 7.5 to 62.3 cycles.
0.300 voits DC.. .$3.93 11 reeds : 8.9
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[Tt 00 Ma .28 | 400 I Amps LY
Ii 500 Ma +30 | 100 1m Amps 1.50
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100 2 Amps 35 | 100 310 Amps 4,
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MFE O0) VOO SOl 4 EF
3 MFD doo vHC .60 ] =
) -T9 1
& mro G0 Y},t _L‘ I MFD 4000 VDC 8,95
AT ] \. ( WA d MFD 400 12.
A MED -HH T 1 PMIFT :ﬂluu vDC 4. Sﬂ
Lk MFD 80U an g.au| 2 MFD oo Vi B,
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A mEm 1000 Vi 1,35 2 MED = i
& MFD 1000 VDG L.95) 2 m r:
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BC 442 ANTENNA BOX (ARC 5)
Contains RF Meter (730 M-") .e_la
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MISCELLANEOUS SPECIALS

365 MMF Variable Single Section . {9

EIMAC TUBE—450 YL. Brand New. ‘i- $3s.00

1.25

9 Foot HGllcU wlth 2-PL2S9 attached. ea. 1. E:I'
Smant 10 MeD, Moo voe ont cap, (¥a x

2%/} for Crossover network ea. .re

Dia
Eleﬂrolytl: {Mallory) 400 MFD.

B
Rlnl 5146 Tubes SO %, cooler wlth heat dlssiu!’lng

tube shields. Base and Shic

PEAK ELECTRONICS coO.
66 W. Broadway. New York 7, N. Y., W0-2-2370

‘ ls‘;:: \IACUUM SWITCH, reDIaCemenI

CIRCLENO. 131 ON READER SERVICE PAGE

SAY YOU SAW IT IN
Elecetronies World
ELECTRIC

| APPLIANCES

PAYS $3 TO $5 AN HOUR

Spare Time, Full Time * Learn at Home
l‘ RLI. 3¢ )()l\ offercid be- QUICK WAY TO GET ﬂ'ﬂl"'.fn
hows how YOU can For less thun 20¢ Wy
now ]m\e & good-paying our ecasy. pictured instruc
business of your own. right tion backed by 45 years
in your home. No experi- ol success in home training
ence needed. just simple —— Prepares you I"” top
tools. Learn to repair Elec. S3rnings in this boomink

tric Appliances, Pays 83-85 zlgxl‘d Olhfllo R‘:'Id snr I.k\olm‘p.
an honr! o

$510 in_one month spare

400 MILLION Appli- time. NRI course is price
ances are in American :';: h_':': ’;‘c‘: :N’;;""ﬁ‘r
Ihiczrtr:es“r(l)gs;:ng:ugz? :::_Ih your own Appliance Tester.
'Gl{‘ Peonle d them too. Finds trouble-spots.
;u;d. g()od“!im::eor bod speidl and checks your
YOU make zood money do-  Ger vour FREF Beook
ing it. In your basement,

Get

and FREE Sample lesson .

garage. even on your Nail coupon below. letter
kitchen table. or posicard. moc

FREE BOOK « FREE LESSON
NATIONAL RAD1O JNSTITUTE, Applionce Division
{ Depi. EJ2, Washington 16, D, 13 |
I Send FREE Book. Frea Appliance Repair Course |

Lesson. Am interested in:
] Spare Time Earnings a
| Batter Job

My Own Business I
Address ... .

City.......000s0000... Zone., Stste.....
|__l(<nd|ud Hcmbcr National Hame Study Council

September, 1962

with transistor circuits, the relay should
open as quickly as possible and the ca-
pacitor should therefore be small. If
power is being applied to a motor, how-
ever, the surge of starting current would
open a fast-acting relay, so a large ca-
pacitor would be used to introduce time
delay. Note that this circuit does not
automatically re-connect the load when
the overload has passed.

Only a fraction of the unusual and
interesting possibilities are presented
here, and even those have been pre-
sented in their simplest forms without
elaborating the full list of applications
and variations. With less simple relays
{more contacts, two coils), possibilities
hecome endless. Nevertheless, the ex-
amples chosen may open the door for
many technicians. If you have a prac-
tical problem requiring an active
element that consumes very little stand-
by power, you should consider the
possibility of adapting a relay. Just re-
member that it has more intelligence
than it usually gets credit for. A

INCREASING
STORAGE-BIN CAPACITY

By ROBERT K. RE

I F YOU have the problem of storing
components and hardware items in a
storage bin with an insuflicient number
of compartments for the items you wish
1o house, why not try this helpful method
of increasing your storage-hin capacity.
Simply store two or more items in the
~ame bin but pick two dissimilar com-
ponents—such as grommets and termi-
nal strips or bolts and washers, This pro-
cedure can inerease the storage capacity |
of most parts bins without resorting to
makeshift dividers, Thus each drawer can
be filled and fully utilized. A

HI-fI GROUP IN GERMANY

ORD has been received from |

Frankfurt (Main), Germany that, |
following the lead of the Institute of
High Fidelity Manufacturers Ine. in the
United States, a similar associntion has
been es.luhlnllwl to be known as|
Deutsehes High-Fidelity Institut ¢.V. (or
“dhii””) with headgquarters at Russel- |
sheimer Strasse 22, Frank{urt.

Like its U.S. counterpart, the associa-
tion is dedicated to improving the quality
standards of high-lidelity reproduction
of phonograph records, magnetic tapes,
aml radio broadeasts. Full momln'rqllip
is limited 10 manufacturers or importers
of h equipment with associate mem-
berships open to interested parties on a
paying basis,

Among the founders of the new In-
stitute are: Braun AG (Frankfurt),
Dynacord, Straubing (Donau), Elbau,
Bogen (Lower Bavaria), Electroacustic
GmbH (Kiel), Gareard-Audioson Gmbl
(Frankfurt), Klein & Hummel (Stutt-
gart), Shure Brothers, Ine. (Evanston &
Dusseldorf), Dietrich Huhn (advertising
consithant, Dusseldorf), and Ernst Plau
(technical writer, Asperg).

Herbert Ticho of Garrard-Andioson
and Dieter Ludenia of Eleetroacustic
were elected members of the executive
committee and Manfred Walter of Braun
the chairman.
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GOLDMINE
OF PRACTICAL
INFORMATION

helps you get the most
out of test equipment

—

T

i —— -

It's easy to use

ELECTRONIC
TeST
EQIIIPMEIiT

by LARRY KLEIN and
KEN GILMORE

192-page goldmine of practical information
on electronic test equipment shows you how
to select and use this equipment to the best
advantage in many many applications. In-
valuable ready-reference tool for the elec-
tronic experimenter, amateurs, service tech-
nicians. An absolute must for newcomers to
servicing—vital to beginners in electronics.
Saves you money on the purchase of
new equipment because you'll know
at features to lock for. You avoid buying
equipment you don't need.
Saves you money in keeping your own
test equipment in top condition because
you're more familiar with what makes it
tick. No more sending equipment back to the
factory for adjustment or repair when you
can do the job yourself.
Makes your present equipment more val-
uable by showing you new ways to useit.
Opens new fields of servicing profit, be-
cause it makes you familiar with instru-
ments used for radio and TV servicing. and
industrial and audio,
Equipment covered is from simple VOM's
and VITVM's through sighal generators, os-
cilloscopes and other test equipment and
helpful accessories. #308, $4.00.

HOW TO BUILD ELECTRONIC EQUIPMENT by
Richard Johnaon. Covers all the situations
you'll ever face in building electronic equip-
ment. This book will save you money because
you'll avoid many common mistakes made in
building equipment. It'll save you time by
providing practical tips on how to layout the
chassis, and how to use the tools and mate-
rinls available, And — your finished equip-
ment will perform the way it was designed
to, #286, hard cover, $6.95.

USING THE SLIDE RULE JN ELECTRONIC TECH-
NOLOGY by Charles Alvarez. Reveals the
secrets of developing slide rule speed and
accuracy. Shows you how to solve praectical
electronic math problems with a slide rule.
20 exciting chapters illustrate the fast, short-
cut techniques that normally take years of
on-the-job work to learn. Transforms begin-
ners into masters. #2538, $2.50.

SATELLITE TRACKING by Stanley J, Macko.
Now that Telstar has been launched and
there'll be more — many questions relating
to the behavior of satellites arise.

Why an elliptical orbit instead of a circular
orbit? How ¢an you know where a man-
made satellite will be at a specific time? How
is the path of a satellite pre-determined?
This fascinating hook answers these ques-
tions and more. #289, hard back, $5.50.

At parts distributors, or order direct.

ORDER TODAY — 10-DAY GUARANTEE

Mail to your distributor, bookstore or order direct: 1
JOHN F. RIDER PUBLISHER, INC. (a div. of Hayden !
Publishing Co.) 116 West 14th St., N. Y. 11, N. Y. :
I have enclosed §$.. Please send:
O £308, $4. 9, $5.50 1

O #2886, $6.95 1

O #£253, $2.50 [0 FREE CATALOG I

We guarantee satisfaction or return within 10 days :
1

1

t

1

]

A

of purchase for full refund.
NAME____
ADDRESS. _
CITY. ZONE____STATE

IRCLENO.134 ON READER SERVICE PAGE
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SELECTORS

70 Watts, Heath Rating; 100 Watts IHFM Music Power

“Startling Realism . . . Superb Dynamic Range . . . Smooth, full
power dclivery Fast, cffortless transicnt response . . . Pro-
fessional . . . Convenient Takes full advantage of the state
of transistor art Simple assembly” these are but a few
of the enthusiastic comments of those who have heard and scen
the new IHeathkit AA-21 Transistor Sterco Amplifier.

Rated at 35 watis per channel by Heath standards or 50 watts
per channel by tHFM music power standards, this tieathkit
combination sterco preamplifier, power amplifier delivers full
power over a range of 13 cycles to 25,000 cycles, =1 db! No
compromise in dynamic range, no faltering power at the im-
portant high and low extremes of response . . . just the most
satisfying solid sound you have ever heard. lis other specifications
are ¢qually impressive . . . completely factual and guaranteed!

Featuring 28 transistors and 10 diodes, the latest, most ad-
vanced in RCA semi-conductor technology, the Heathkit AA-21
not only offers rccord-setting performance, but also prosides
opcerational characteristics unique with transisiors . cool op-
cration with low power line requirements steady performance
under wide, external temperature variations . . . complete freedom
from annoying microphonics instant operation.

More than two years in development, this pace-setting unit
features transformerless output circuitry plus multiple feed-back
loops for flat response and finest fidelity. All controls are front-
panel mounted for operating convenience, with a 5-position, dual
concentric input selector which permits “*mixing” inputs for

74

tiape recording purposes, etc., a S-position “mode” sclector, plus
dual concentric volume, bass and treble controls. A hinged lower
front panel covers all input level controls, the tape-monitor input
switch, a speaker phase reversal switch, and a loudness switch
which converts the volume control to a loudness control for com-
pensated low-volume levels. The right-hand section of the lower
front panel is a unique On-Off switch touch to turn on, touch
1o turn off. All input and output connections are conveniently
located on the rear chassis panel. Circuit safety is assured through
the use of § new, fast-acting, bi-metal circuit breakers...no more
annoying fuse-fussing.

Kit assembly is fast and simple through the use of 3 circuit
boards which eliminate most of the conventional, time-consuming
point-to-point wiring. The preamplifier circuits are “‘capsulized”
to reduce wiring . . . 6 epoxy-covered modules contain 70 resistors
and capacitors, all factory wired and sealed, rcady for casy
mounting on the preamplifier circuit boards.

Styling is in the Heathkit defuxe motif of luggage-tan vinyl-clad
steel with polished, anodized aluminum trim, plastic upper front
panel, extruded aluminum lower panel with matching vinyl inset,
and soft, refracted panel-lighting.

Designed to set a new standard of value, this finest of all stereo
amplifiers carries a surprisingly low price tag . order yours
now for carly enjoyment.

Kit AA-21, 28 |bs., no money down, $13 mo.
Assembled AAW-21, no money down, $21 mo.

$134.95
$219.95

ELECTRONICS WORLD
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SOUND LIKE A MILLION!

1. Eight germanium Power outpul transistors mounted on four finned heat sinks. 2. Output
circuit breakers. 3. Two power amptifier clrcuit boards containing four transistors and six diodes.
4, Two drlver transformers. 5. Two preamplifier circult boards containing six epoxy-sealed
component modufes and ten transistors. 6. Two geérmanium driver transistors plus four elec-
tronic filter transistors. 7. Two 3,000 mid fiiter condensers and four power supply dlodes. 8. Two
output terminal boards. 9. Stereo input jacks. 10. Tape recorder OQutpul jacks. 11. Power trans-
tormer. 92. AC power outiets. All primary and Secondary controls accessible at front panel area!

SPECIFICATIONS —Powcr output per ehannel:

Build This
New Heathkit
Transistor Stereo

Amplifier

FREE 1963 HEATHKIT CATALOG

If you are not already on our mailing list, fill in and
mail the coupon below right away to receive this
new Fall & Winter edition of the world's biggest
electronic kit catalog. More than 100 new electroni¢
luxuries have been added since the last issue
more than 250 in all, completely described and
illustrated. Send for your free copy today!

|
i
|
1
1
-

HEATH COMPANY

P
| 1
| |
| 1
] ]

M 3 ¥ i

Power response: 1 @ | Benton Harbor 15, Michigan |

+ p Harmonie distortion {at rated output): | |

@ @1 “ Intermodulation distortion {at rated output): | ]

Hum and nolse: M: ] Please send my FREE 1963 Heathkit Catalog ]

] |

Channel separation @ @ @ Input sensitivity: | 1

t M v Frd I Name. _ - _ M

™ fnput impedance: M | i

M H M. Qutputs: | |

Caontrols: I street. |

N | ]

& M, 3 1

Semleonductor complement: Power requirements: : City— Z o e State = :
L@ —

Power outlets: . Dimenslons: W S S e ——— = |
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110 VOLT
A.C. OUTLET?
In CAR, BOAT or TRUCK,

YOU HAVE IT WITH A

POWER
CONVERTER

Actually gives you 110 volt, 60
cycle A.C. from your 6 or 12 volit
D.C. battery! Plug converter into
cigarette lighter, and operate
lights, electric shavers, record
players, electric tools, portable TV,
radios, testing equipment, etc.

Models from 15 to 300 $'| 2 95

watts, priced as low as usT

Emn Towr Elaciremic Faria Dwaler or Jebber, ar Write

COMPANY

1058 RAYMOND AVE,
ST. PAUL 8, MINN

in Canada. ATLALS RADIOD CORP. LTD. — To# _ }
CIRCLE NO. 143 ON READER SERVICE PAGE

YOU
SAVE
MONEY!

RUSH US YOUR
LIST OF HI-FI
COMPONENTS
FOR A SPECIAL
QUOTATION

WRITE FOR FREE
AUDIO DISCOUNT
CATALOG A-15

New low prices on amplifiers, tun-

ers, tape recorders, speakers, efc,
ELECTRONICS CO.

120 LIBERTY STREET

N.Y.

KEY i e

CIRCLE NO. 122 ON READER SERVICE PAGE
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Radio & TV News

Events in the Service Industry

N ITEM caught our eve while we
were glancing through one of the
New York City newspapers a few weeks
ago. The heading trumpeted, “Three
Accused in TV Repair Price Gouge.”
Since we have a little something to do
with the TV service business, we stopped
turning pages and read carefully. Three
Brooklyn men were accused “of organ-
izing and operating a virtual syndicate of
price-gouging radio-TV repairmen who
preved on unsuspecting customers.” The
trio was described as using “tactics remi-
niscent of bootleg barons by dividing the
territory into zones, with a lieutenant in
command of each sector.”

We glanced up quickly to make sure
that the doors were locked and the win-
dows barred against invaders, then read
on: “Specifically charged with conspir-
ing to fix prices, the three allegedlv
cheated set owners by arbitrarily boost-
ing repair prices at least 23 per-cent.”
We sighed in relief. But another emotion
began developing. Reading further, we
learned that the Maffia-type organization
engaged in this sinister activity was the
Brooklyn Radio and Television Service-
men’s Association, “the parent body that
recruited others to join up and agree to
a fixed scale of repair prices.”

In the next paragraph. we learned just
how serious their ¢rime was. Basic
charge for a service call in the home had
been down as low as $2 in Brooklvn.
These ruthless mabsters were pushing it
up to $3.95 and even $4.93. Reader, if
vou are hovering somewhere between
befuddlement and rising indignation, you
know how we felt. There was obviously
more to the matter than the reporter,
aroused by the lurid possibitities in his
material, was conveying.

How To Fail Without Trying

Among the three names cited in the
paper—there is no point in giving them
here; these men have enough on their
hands—we recognized one who has been
in the service business and active in asso-
ciations for vears, I1is reputation for hon-
esty among his fellows is enviable. We
couldn’t make quick contact with him,
so we reached one of the other two offi-
cers mentioned,

As we give them to vou here, the de-
tails we learned are far hetter organized
than they were as they came from the
informant. who was quite understand-
ably agitated. He is a voung man with a
background in electronics who, after
completing an honorable tour of duty
with the Armed Forces, decided to settle
down in Brooklyn, He hoped to build a
future by opening his own service shop.

www.americanradiohistorv.com

Doing a decent job was not enough, how-
ever. In a highly competitive area, he
found himself bucking others who were
desperately offering house call fees of 82
and even less. He got together with a
couple of other service dealers who
shared his concern (the other two offi-
cers of the Brooklyn group cited in the
“conspiracy”™).

The first step, thev reasoned, was to
form an association that would enable
all similarly concerned service dealers to
unite for deciding what to do and then
taking action. Each volunteered to can-
vas shops in a particular portion of the
area involved for the purpose of getting
men to a meeting (i.c.; “dividing the ter-
ritory into zones, with a lieutenant in
command of each”).

They found ready acceptance. Turn-
ing out a good crowd was no problem.
Everyone had the same gripes. Control-
ling the crowd was another matter.

Oh, For Some Experience!

Our informant, relatively new to serv-
ice, had had no previous background in
association work, In fact, none of the
names we mentioned to him, of indi-
viduals once active in his area. rang a
bell. Unaware of pitfalls, he and his fel-
lows found matters getting out of hand.
Evervone had his own ideas and was
pushing his own action. One individual
who knew a printer, carried away by the
urgent need to get a better house-call fee,
had signs printed up for shop display
carrving the new price and the name of
the association. Although unauthorized
by the group, these signs were bought
up eagerly by many of those at the meet-
ing.

When the complaint of price fixing
was made to the Attornev General, he
had no choice but to act on it. Evident-
ally aware that he was dealing with
misguided businessmen rather than
criminals, he seemed willing to work out
a consent judgment without harsh pun-
ishment against the Brooklyn officers.
Against legal advice, the association de-
cided to fight the action. It feels the
reputation of service is at stake.

We do not have the end of this story
vet, but morals can be dravwwn from what
has happened already. How badly these
men needed the guidance of others who
had experience in such matters! How
sadly lacking such wiser heads are now
in this area they abandoned after valiant
but vain struggling! How desperate the
plight of the service industry is where
attempts to establish a successful asso-
ciation failed! Is this a warning to others
elsewhere?

ELECTRONICS WORLD
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Scope Voltage Calibrator
(Continued from puge 32)

to lugs and quarter-watt resistors and
subminjature capacitors could be used.
Because of the low operating trequency,
lead dress and parts placement ure not
critical. A four-pole, five-position, non-
shorting rotary switch is used for the at-
tenuator, power switch, S.. In its extreme
commterclockwise position, Si turns the
calibrator off by disconnecting the col-
lector supply voltage and both bias cells.
The reason for disconnecting each cell
with a separate switch section is that
there would be a small amount of leak-
age if the positive side of Bi and the neg-
ative side of B: were connected together
by only one switch section,

Since practically no current is drawn
by the clipper stage, Mallory type BC-3
subminiature bias cells were selected;
euach is mounted in a Mallory GB-17 clip.
Care should be taken not to short these
cells during construction for even the
briefest moment. |

S: shoukd be wired as a subassembly.
The attenuator network (R:-Ru) consists
of selected 5% half-watt resistors. From
these the author sclected resistors within
1% of the desired value by using an im-
pedance bridge. if a bridge is not avail-
able, resistors with a 12 tolerance should
be bought.

If vou substitute transistors with a|
different heta than 2N217s, it may be
necessary to use different value base-bias
resistors (Ry, 1) to get the multivibrator
to start. If n-p-n transistors are used, it
will be necessary to reverse the polarity
of the collector supply voltage.

The calibrator is small enough to be |
wired directly inside an oscilloscope. 1f
it is, the circuit board should be length-
ened slightly and a simple half-wave
rectifier and capacitor filter added to
eliminate B.. Operating power can be
taken from the scope filament circuit. B,
and B, of course, would be retained and
Si would have to he mmmted on the
front panel of the scope. A

Build the finest professional
color TV Set ever designed

This Color TV Kit Is designed around the most expensive, thor-
oughly engineered and newest RCA TV Color Recelver.

Transvision has added improvements, features. and heavy-duty
parts to this RCA licensed receiver in order 0 accommodate
those who seek better quality than is commercially available.

WITH or WITHOUT REMOTE CONTROL
All critical circuitry is wired, aligned, and pre-tested by RCA.
Anyone Can Assemble—No Speciel Knowledge Required
Buy Assembly Manual and See Easy, Complese Instructions.
Exclusive Features: All controls are mounted separately
from chassis for flexibility in custom installation. . . .
Only the finest quality oversized, extra heavy-duty
parts are used for long, trouble-free use, and they are
FULLY GUARANTEED for ONE FULL YEAR.
! The 21" Color Tube is RCA’s newest and best tube. The
safety glass is bonded to the tube face to reduce re-
flections and eliminate dust accurulation. . .. NEVER
OBSOLETE—Your Transvision TV Color Kit is al-
ways up-to-date because circuit improvements in Kit
form are passed on to the Kit builder as they occur.

Buy on Instaliment Plan. PAY AS YOU WIRE: $50 gets you started
on this fascinating TV Color Kit project.

CHOICE OF MODELS:
» With Hi-Fidelity Sound System, complete
with Color Tube

o With Special Circuit (no audio} for connecting
into your Hi-Fi System, complete with Color Tube . .. .$419.00.
s Remote Control optional .............. $60.00 additionat.

Also available as WIRED CHASSIS . . . Full line of Cabinets.

“Deluxe” Color Chassis with conlrols
mounted on panel in a vertical position.

| |
!
1]
| s
b Rk

Custom wall inslallation of “Oeluxe™ Color Chassis
with horizental controls separated from chassis.

LEARN AS YOU BUILD: Learn Color TV Theory, Practice.
and Servicing. Complete course of study available for
use in conjunction with the Kit—no technical back-
ground required to understand it.

INSTRUCTION MANUAL: Send $5 for complete Assembly
Manuel. so that you can see how easy it is to build and
service the Transvision TV Color Kit. Cost of manual cemmmem START NOW «— MAIL THIS COUPON somemem

3

refundable upon purchase of Kit, 03 Send FREE Calalog on Color TV Kits... [ | enclose 35 for §

H Assembly Manual, refundable on purchase of TV Color Xit. |

ﬁ'm { {10 )k 54 o e ke o s enpui i,
i ebic ELECTRONICS, Inc. | - ]

{: o § Name. _:

Grey Oaks Avenue, Yonkers, N. Y. Dept. EWC-9  § Address - X
Telephone: (914} YOnkers 56900 :cm Zone, State, =

Visit us at the New York Mi-Fi Show Oct. 3-7-1962
CIRCLE NO. 146 ON READER SERVICE PAGE

Amazing “New Fun”
AND VERSATILITY .

KR L
=

| 27 or 36 MOS,

SCIENGE

Euumssnmné DEGREE IN

with your Hi-Fi, Tope Re.
corder or Record Ployer. I
Send 10¢ for Audio Acces.
sory Cotolog A-401W,

¥
o

= ——[——

"1 got it fixed, Jailer. .. Jailer... JAILER!" | l

[ |7

)

RELCO, Dept. EW-9, Box 10563, Houston 18, Tex.

SWITCHCRAFT, INC.

€
round ProZram Drebares for earl
5577 N. Elston Ave., Chicogo 30, HI. as of 4

emblovment fields oi Science and Engincering,
Regular 4.year program for B.S. Degree completed
in 36 months. special engineering degree Program
in 27. Classes start - September, January, March
June, July. Quality education. Graduates employed
from coast to coast. Government approved for vet-
eran training. Students from 50 states, 40 countries,
20 buildings: dorms, gym. Campus. Save time and
money. Earn board while studying. Wrlte for catalog
and complete information
1608 k. Washington Bivd., Fort Wayne 2, Indiana

INDIANA TECHNICAL COLLEGE

Convert any teievision to
sensitive.
BIG-SCREEN 0SCILLOSCOPE
with minor. Inexpensive changes
Ingenious clreult, No electranic
experience needed to follow our
clearly. lNlustrated plans. TECH-
MICIANS, HAMS, EXPERIMENT-
ERS, BROADCASTERS. Use In
shop. school, lah. Any set—any

size screon.

FULL PLANS $2.

September, 1962
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VALUE
LEADER
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50 WATT INTEGRATED
STEREQ AMPLIFIER

An outstanding performer of proven design. Only
its price is modest. Features 25 watt power out-
put on each stereo channel —50 watts monophon-
ic. Has complete stereo facilities including a
separation control which customizes sound to your
room; clutch type Volume/Balance control and
separate Bass and Treble controls. Response: 15
40,000 cps = .5 db (at normal listening levels},
Housed in a distinctive 2-tone metal case with

legs.
No Down Payment 950

2-SPEED STEREO
PLAYBACK TAPE DECK
Built-in 6 Transistor
Dual Playback Preamps

FM TUNER WITH
BUILT-IN MULTIPLEX

Enjoy the enhanced beauty of FM stereophonic
sound (known as Multiplex) and FM monophonic
broadcasts too with this new FM tuner from Lafa-
yette. Quality engineering features include a
tuned RF stage provided by a 3-gang tuning con-
denser, ratio detector with dual tuned limiters, 2
microvolts of sensitivity for 20db of quieting and
full fidelity frequency response, 20-20,000 + 2db
at less than 1% distortion. 10 tubes plus 4
diodes. Complete with tuning meter. Handsome
two-tone metal cabinet will grace any decor.

No Down Payment 7650

www.americanradiohistorv.com

MODEL RK-141WX

Hear the magnificent sonority of stereo tape
now in your own home at less than the price of
a good record changer. Designed to complement
any custom high fidelity instaliation. Complete
with 6 transistor dual playback preamplifiers —
nothing else to buy! We invite comparison. Fre-
quency response: 50-15,000 cps + 2.5 db @ 7%
ips, 50-9,000 cps = 25 db @ 33 ips; wow &
flutter, 0.15% @ 7% ips, crosstalk and stereo
channel separation, 50 db. Signal 50
to-noise ratic, 50 db. Operating 59
speeds, 72 & 3% ips.

No Down Payment

MODEL LT-81

ELECTRONICS WORLD
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LAFAYETTE
RADIO
ELECTRONICS

1963 CATALOG NO. 630

388 GIANT SIZE rages

e The Largest Catalog
in Our 42-Year History
ELECTROWC

for Electrowics. Science and Technoloay |t’s New _ |t,s Blg _
It’s Better Than Ever

‘ , ; ‘ ' It's From the
A % - “World’s Hi-Fi & Electronics
= Shopping Center”

Here it is — the exciting, all-new 1963 Lafayette Catalog. 388 giant-sized
pages with thousands of different items for the audiophile, experimenter,
technician, hobbyist, engineer, student, serviceman . . . fully illustrated . . .
hundreds of manufacturers. It's the “World's Hi-Fi and Electronics Shop-
ping Center’ at your finger tips.

CHECK THESE OQUTSTANDING LAFAYETTE BENEFITS

\/ SATISFACTION GUARANTEED OR MONEY REFUNDED. Lafayette's 30-day Free Home
Trial lets you try-what-you-buy at home. If you're not completely satisfied, the full
purchase price will be refunded.

V LARGEST STOCK SELECTION. If it's in Electronics or Hi-Fi, it's in the Lafayette
Catalog — Citizens Band; Tape Recorders; Hi-Fi Stereo; Ham and Amateur Equipment;
Radio and TV Tubes, Parts, Antennas; and much more.

\ EXCLUSIVE LAFAYETTE KITS. Easy-to-assemble kits designed by Lafayette engineers
for at-home construction. Dollar for dollar the best value for your money today.

\ LOWEST PRICES. You always save more with Lafayette’s low, low prices.

\/ 24-HOUR SERVICE. Most orders fully processed within 24 hours after receipt.

\/ SPECIAL HI-FI SYSTEM PRICES. Select a hi-fi music system and get Lafayette's spe-
¢ial money-saving price.

\/ EASY-PAY CREDIT PLAN. The Easy way is with Easy-Pay. No Money Down, up to 24

Months to Pay.
MAIL ORDER HEADQUARTERS rLAFAYETTE RADIO Depl. R12-2 %

j_ SYOSSET, L |., NEW YORK' P.C. Box 10, Syosset, L. I, N, ¥

Rush my FREE Giant Size 3BB Page 1963 Lafayette Catalog

> - . n -
=" 111 Jericho Turnpike g  Please send me ¢ shipping charges
collelt. | am encldsing §. i

10 Fameryt Shrewt

JAMAICA, NEW YORK NEW YORK, NEwW YORK
OTHER LOCATIONS 165-08 Liberty Avenue 100 6th Avenue -4 Nane— = i ]
SCARSDALE, NEW YORK BRONX, NEW YORK NEWARK, NEW JERSEY . 388 1
691 Central (Park) Ave. 542 E. Fordham Rd. 24 Central Avenue ' Address GIANT
PLAINFIELD, NEW JERSEY PARAMUS, NEw JERSEY BOSTON, MASS. l SIZE .
139 W. 2 Street 182 Route 17 110 Federal Street City. — __Zone State PAGES
- D G G G TP G TR TE el G G G G D G G T G a5 8
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RADIOTELEPHONE
LICENSE
MANUAL
$9.75

— helps you prepare for all U.S.A.
commercial operator's license exams

Here are complete study-guide questions and answers
in a single voll Helps you understand every subject
needed to obtain an operator’s license.
RADIO HANDBOOK — largest comprehensive reference
source on radio ever published. More “How-to-build"
data than any book in the field. Gives simplified theory
. latest design data $8.50
WORLD'S RADIO TUBES (Brans' Radio Tubes Vade
Mecum). World's most authoritative tybe book $8.00
WORLD'S EQUIVALENT TUBES (Brans' Equivalent Tubes
Vade Mecum). Qver 32,900 comparisons $6.00
SURPLUS RADIO CONVERSION MANUALS
Practical conversions of most popular surplus equip-
ment, in 3 volumes. Send stamped envelope for list

of contents .each $3.00
*Order from yous favorite electronlc parts distributor.
If not ur

itt ~ un »

EDITORS and ENQINEERS, Lid.

? Summerland 2,Cahfornia
‘f

Deslers: Elettronic  distnbutors, order from ug
Bookstores, I-luun. newsdealars order from Baker &
Taylos, lhllndc Export (exc. Clnldl), arder
from H, M, Snn-- Co.. 440 Park Ave. So.
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your
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brand name
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El‘l

1™ :
FREE e
I Chemical new
with g"‘é“';; c'i:'.lcol formula I
{ fehEmaa EC-44 |
- e Lubricates,
57 PLASTIC cangitions, |
' 0
ntacts. Eco.
| EXTENDER sestecting
Push Button Vittle does & 1ot I
I As!emmy For P s 50
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The Digital Voltmeter
(Continued from page 47)

overcomes this condition by providing an
output equal to the average voltage over
a selected period. In many other instru-
ments, however, it is necessary to use
-arefully designed filters to minimize
noise voltage.

The RC elements in a filter tend to in-
crease the time-constunt of the circuit,
and it is necessary to utilize them judi-
ciously, especially where the d.v.m. is
incorporated in an automatic test instal-
lation where it is switched rapidly from
one test point to the next. Some instru-
ments provide a selection of filters which
can be switched into the circuit as
needed. This permits the use of a mini-
mum of filtering for quiet circuits, with
greater filtering available for noisy cir-
cuits.

Filters are placed at the voltmeter in-
put and thus become charged to the full
value of the test voltage when a meas-
urement is made. Since an RC network
does not discharge at once, it is likely
that a charge may still be retained when
the next measurement is made. In mak-
ing a series of measurements, the
d.vam. may be switched from a high-
voltage point to a low-voltage point.
transferring the stored voltage to the
new test position, In the case of a tube

[ grid or a transistor, this may upset the

circuit enough to cause damage. It is
good practice, therefore, to ground the
probe briefly hetween meuasurements. In
automatic installations, provision shoulkd
be made to do this mechanically.

Related Instruments

Although d.v.m.’s are basically d.c.
instruments, many are equipped to read
a.c. as well, through the use of an a.c.-
to-d.c. converter, The a.c. voltage is first
rectified and then measured in the usual
manner. Since rectifiers are linear over
only a part of their range, however, it
is customary to interpose an a.c. ampli-

fier between the input attenuator and
the rectifier to raise the voltage to the
proper level. The amplifier also serves
as a high impedance input device and
thus minimizes the loading effect on the
circuit under test.

Digital ohmmeters (d.o.m.’s) are es-
sentially automated Wheatstone bridges.
A vo]tage comparator detects any un-
balance of the bridge, and the unbal-
ance signal is amplified and used to
vary the setting of a digital rheostat in
one arm of the bridge. Some conven-
tional d.v.m.’s are equipped with an
ohms-to-d.c. converter. This device per-
mits  resistance measurements to he
made by passing a selected constant
current throngh the unknown resistance
and thus develop a proportional d.c.
voltage. This voltage is then measured
by the d.vm. in the usual way,

Digital ratiometers (d.r.m.’s) are sim-
ilar to .v.m.’s (Fig. 6) except that they
measure the ratio of the input voltage
to a reference voltage, rather than its
absolute value. In most instances, the
reference is an external supply voltage.
A typical use of a d.r.m. is for measur-
ing the position of the pick-off on po-
tentiometer instruments. The reference
in this instance is the voltage impressed
across the potentiometer, and the input
is the voltage at the pick-off. The ratio
of the two voltages thus furnishes an
accurate picture of the position of the
pick-off in relation to the top and hot-
tom of the potentiometer.

D.rm’s are suited for applications
where an unknown voltage is obtained
from a d.c. excitation voltage.

Digital ratiometers are nseful in con-
nection with pressure transducers. liquid
level indicators, or for any instruments
where variables are measured by the
position of a potentiometer pick-off,
Theyv may also be used for read-ontt in
analog computers. Since hoth the ref-
erence and the input voltages are sup-
plied from the same source, the effects
of fluctuations in the supply voltage are
largely balanced out. A

REMOVING
By RICHARD A,

NE OF the most annoying and frus-
trating chores aroumd the shop is

the removal of enamel or Formvar
(vinyl acetal) insulation from copper
wire, This type of insulation can wsually
be burned off while tinning the wire pro-
viding the wire diamcter is quite small
and sufficient heat is available to do the
job. For the larger diameter wires suech
as are nsed for winding transmitter coils
and transformers and for antenna work,
the removal of insulation ¢an prove to he
a chore. One usually resorts to seraping
the insulation material with a sharp knife.
The author recently had occasion e
tin a large number of #16 Formvar in-
sulated wires and found that the non-
flamable Paint and Varnish Remover

www.americanradiohistorv.com

INSULATION
GENAILLE, K4ZGM

No. 2779 sold by Sears, Roebuck and Co.
did an excellent job of softening np the
in<ulation to the point where it could bhe
wiped off easily with an old picce of
rag. The paint remover was poured into
a small jar to the depth of about 113"
al the ends of the wires dropped into
the jar and left overnight. The next
morning the insulation was removed very
neatly from the ends of the wires by
wiping. If it i~ not convenient to suspend
the wires to be cleaned in a jar or other
receptacle, the paint remover may be ap-
plied with a paint brush. While the au-
thor allowed a number of honrs for the
paint remover to do its job, the removal
process can be accomplished in approxi-
mately 20 or 30 minutes,
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Fuel Cells |

(Continued from page 26)

The fuel and oxygen are not consuined
in the electrodes, bt in two special re-
generating tanks. The hvdrogen enters
the regenerator and reduces—adds elec- |
trons to—the electrolyte. Oxvgen on the |
other side oxidizes—takes electrons from
—the electrolvte on thut side. The two
solutions are separated from each other
by a membrane, at which the reaction
tukes place. lons migrate across the
membrane, just as they do across the |
electrolvte solution in the regnlar cell, |
and maintain the reaction.

Although the Redox cell is inherentlv
less efficient than the regular design, it
has manv attractive features. Polariza-
tion is less of a problem, it has lower
internal losses, potentially higher cur-

This fuel-cell battery, built by Union Car-
bide, contains 35 cells in series. It de-
livers 600 watts of power at 28 volts d.c.

rent densities, and the abilitv to operate
on impure hvdrogen.

Hvdrogen-fueled cells are by Lur the
most advanced at this time and will be
the first to go into practical operation.
But hydrogen is still expensive, even
though it is getting cheaper all the time.
For this reason, hvdrogen-powered cells
will be used only where the convenience
of the cell makes the extra cost of fuel
justifiable, The “Apolle” and “Gemini”
are good examples of this philosophv.

Inexpensive Fuels

Reallv large-scale nse of fuel cells
will have to wait for further advances
in the technology of cells that operate
on cheap fnels. Work on these advanced
units is proceeding rapidly. For the most
part, present models are high-tempera-
ture 1mits, operating in the vicinity of
1000 degrees F. The heat “cracks™ the
hvdrocarbon  fuel—methane, propane,
vaporized kerosene, or gasoline—into hy-
drogen and carbon monoexide. Since any
water-based solution would vaporize at
these temperatures except under ex-
treme pressure, the electrolvie is usu-
allv a melten salt, such as potassium
carbonate, held in a sponge-like matrix
of magnesium oxide. The hvdrogen and
carbon monoxide react with the electro-

Iyvte to form water and carbon dioxide
and release electrons. Oxvgen at the |
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Sells best because

It works best

IT101) comp—
POWERMATE

PREAMPLIFIER

BY FAR THE BEST antenna preamplifier in the business—that’s
POWERMATE! On black-and-white, and where it really counts—on
color TV—POWERMATE’s superiority shows up across the country.

The better VSWR (impedance match), flat response, ultra-high
gain, special broad-band neutralizing transformer, and better power-
supply filtering—all add up to an outstanding product. No polarity
problems . . . no call-backs . . . transistor protected from lightning-
coupled surges . . . remote a-c power supply feeds 2 sets.

Step up to POWERMATE, and step up to a tremendous new profit
opportunity. See your Jerrold distributor now.

Model APM-101 $39.95 list, complete

JERROLD ELECTRONICS CORPORATION
Distributor Sales Division. Dept. IDS-252, Philadelphia 32, Pa.

Jerrold Electronics { Canada) Litd.. Toronto = Export: CHS International, New York 22, N. Y.
CIRCLE NO. 120 ON READER SERVICE PAGE
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| - , RADIO & TV SERVICE DATA
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STROMBERG 64 WATT

CARLSON
STEREO AMPLIFIER SALE

REGULAR MCGEE'S
$199.50  price. $99.95

MeGee Speclal Carload Purchase Salel New,
carlgneld B4 watt (3% watis per channel ) Slureo HlFl
Ampililer, Monel AIR.BBO. Jt s all there is in
and value, Made to sell at $200.00. McGee
i€m for only $99.85. Metal cover, $5.95
orks with any record ehanger and tuner. Use

i fooa 1Hi-Fi speakers. Oaly 300 to sell. order
VOMIN |1\\ Shipping woelzht, 32 1bs.

ymibin. n ur\ol ABR-BRO. 684 watl Sterea amplificr
with (; el T Shure MTD cartritige ana
twa St Cins 'urn W |d|.- range 127 speakers, all
for oniy 85 40
Waml Tise for ne A, $4,95. LRS3, 45 RPM spindle,
$1 80, lm\anul o RO, FA. ARt seif-powercd funer
$54.50 extra.

g5, - - = = > T

.c.sd

B RO WES d TAALRSR

SPECIFICATIONS

The Stromlierz-Carison ASR-880 Is one of The most
Dowertul Stereo amm fiers  availabie at any price.
DestEned with tne flexinliity of a recording studio
Control panel, €ach channel has ndlvidual tone con-
trols and rofessional  mixer-type separate volume
CONtrols which operate in COMUNCHION with the master
Rain control. i1y encintered output transformers
i gram-oriented stecl cores for ex-
centionatly 2oud law froquency fower nandting with
minimum distortion, In rating the ASR-880 a leading
test laboratory reported *'a pleasant surprise came in
Mmeasuring the power outpul ot the ASR-880. Each
charnel fellvercd S0 watts at 2% harmoni€ disior.
tion., or 48 watts at 1% distortion. This is nnusuatl
in an amalitier rated at 32 watts per channel. Only
0.5 or 0.7 milivolts at the PRoOnc iputs wlil drive
the ampliler to 10 watts output per channel. At
normal pam settings of lhl HOit the hum level s
hetter th. 70 an lu-l 10 watts evin ony phona
input, Tius is y &
has a rare comhlnatlon of very high Rain anu very
fow num, The amplifier has a numnber of special
features such as Center channet outPput and a very
eifective channei-balancing systern, as well as me
usual steree functions found In ail Rood smphfiers,’
Ssensitivity: Tuner, 0.2V; makneti¢ Phono, 2.5m
Ceramie Phono, 0.4¥. Input imopedance: Tuner Aux N
1 megohm; Magnetic ©nono, 47K ohni;  Ceramic
Puono. Tape, 2.2 megohm., Output impedances of 4,
8 and 16 ohms on both channels ana 8, 16 ohms
across 4 ohm taps on center speaker. Migh cmneu
ance output for tape recorder,
Bass (50 ¢ps) nlus or minus
plus or minss 15 db .. one
switened, Overall size, 134" x 4!/." High and 13173
deep, Tubed: 4-735S, 2-719‘0 ECC-83's. Goig umgn
metal front panei with gold cnlor knohs.

WRITE FOR McGEE'S 1963, 176 PAGE CATALOG
McGEE RADIO CO.
1901 McGee St., Kansas City 8, Missouri
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These fuel-cell field power supplies ore identical except that the one at the left
manufactures its own hydiogen fuel from chemicals contained in the two tanks. The
power supply shown at the right operates on a small container of hydrogen gas.

positive electrode attracts the electrons
for o reaction similar to that which takes
place in the hydvogen-oxvgen cell. Such
cells so far have produced no more than
300 watts per cubic toot—=hali’ the out-
put of the Union Carbide cell-but un-
(I()nhtedl} this will be ruised.
Low-temperature hvdrocarbon cells
—which wonld he fur eusier 10 nunu-
factive—have also been built. Proper
catalvsts allow the saine reaction to take

plice at mnch Tower temperatures.
Esso  Researelr  Laboratories has an-

nounced the development of a cell which
operates at temperatures as low as 130
degrees IF on ethane, propane, or ethy-
lene. Its output is low, but the produc-
tion of a low-temperature hvcrocarbon
cell which operates at all is a significant
step forward.

More Exotie Cells

In the search for ever-cheaper fuels
and more efficient operation, some work-
ers in the field have turned to biological
fuel cells. Ideally, the electrolvte would

contain organic matter—corncobs, saw-
dust, even sewage—and bucteria sus-
pended in seawater. The Dbacteria
prodiuce an enzvine which acts us a
catalvst for the electrochemical oxidation
of the fuel. in a wayv similar to the re-
action in a regular cell.

General Scientific Corporation of
Washington demonstrated such w unit
at a press conterence several months
ago, used it to power a small radio. Dr.
Frederick D. Sisler of General Scientific
saiel that bacteria could be put to work
matking electricity. nsing chemicals found
in the sea as fuel. No fignres as to op-
erating characteristics or exact princi-
ples and no data on materials and fuels
were released, however,

Electro-Optical Systems, Inc. of Pasa-
dena, California and Sonotone Corpora-
tion of Elmsford, New York are work-
ing jointlv on another kind of biological
cell. The EOS-Sonofone unit is under-
stood to operiate on sugar and various
proteins and to use svnthetic enzvmes
rather than bacteria. But no further de-

A G-E ion-exchange fuel-cell battery. One of the individual
cells thaot make up the battery is shown in the foreground.

www americanradiohistorv. com
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ELECTROLYSES
LNIT

RECTIFIER

COMBERCIAL
AL POWER

Fig. 5. Use of a fuel cell os automatic
emergency power supply. Normaolly, the
electrodes connected to the rectifier sep-
arote water into hydrogen and oxygen.
These goses are stored in reservoirs on both
sides of the membrone, where they gener-
ate power used for light. If the line power
fails, the cell continues to operate the lights
without interruption. When encugh water
has been electrolyzed into gos, the water
level falls below the electrodes attached to
the rectifier and the process stops. As pow-
er is drown from the cell, the gases ore
changed back into water, the level rises,
the electrolysis process is initioted again.

tails have Dbeen released. If biological
cells ever become practical, they would
be ideal for use in extended space
journies. Garbage, human waste, and
other useless substances could be used
as fuel,

Future Power

Whatever the final form, though, there
is little doubt that fuel cells will occupy
an important place in future power gen-
eration. Military and space use will, of
course, come first since utility, not cost, is
the prime requisite in both fields. But
with the development of the hydrocar-
bon cell, civilian uses will be close be-
hind. The ecomeback of the electric car
and truck, whispered about for some
time now, looks more likely with the
advent of the fuel cell

The efficient clectricity maker is a
natural for automotive power. Cars could

September, 1962

be designed with an electric motor in
each wheel, eliminating transmissions,
drive shafts, and, of course, the engine
and all its complications. The fuel cell
car wouldn’t even need brakes. A load
resistor thrown across the wheel motors
would make them act as generators,
slowing the car. Electric trains now use
this type of dynamic braking. Then, too,
fuel cells would produce no noxious ex-
haust—the only output of the cell is
water—and would use no fuel while
stopped at traffic lights. And, of course,
they’d be some four times as efficient—
and thus far cheaper to run—than today’s I
autos. |
Finally, since the cells wouldn’t have |
to be lumped in one place like a gaso- |
line engine, car designers would be free
to design for superior roominess, riding
qualities, and streamlining, distributing
the cells around the body in convenient
places. Troubleshooting in such a car
would be done with a v.o.m,

Large-scale power generation—al-
though it would be more efficient with
fuel cells and thus cheaper—will face
maore serious problems. The low-voltage,
d.e. current produced by the cells is
perfect for autos, but not for our present
a.c.-oriented power distribution system.
Some simple, cheap method of changing
cell output to high-voltage a.c. would
have to be found.

In the meantime, one possible use for
fuel cells might be to help nuclear elec-
tric plants run efliciently. To perform
near maximum efficiency, nuclear plants
must operate “wide open.” Fuel costs
per kilowatt hour rise sharply as plant
output decreases. But electric usage
varies substantially through the day and
vear.

FFuture nuclear plants might be ad-
justed to run at a rate just high enough
to produce the total power needed over
a long term. During periods of low con-
sumption, excess power would be used
to generate hydrogen and oxvgen from
water. In peak load periods, the gases
would run fuel cells to meet the power
demand.

The most important fuel-cell applica- |
tion ultimately may be the self-contained |
home power plant for either regular ()II
emergency use. Esso Research and other
firms have this in mind as a long- r'mge
possibility. Such a small “black box”
in the basement would furnish power |
for lights, appliances, heating, air-con-
ditioning, and so on. Esso engineers
have gone so far as to estimate that the
energy costs for an average six-room |
home might be cut from the plesent
$380 a vear to $125,

Fuel cells are, of course, only one of
the exotic power sources being devel- |
oped for future use. Others—magneto-
hydrodynamic, thermoelectric, and ther-
mionic generators—all have their strong |
points, but none of them rivals the effi-
ciency of the fuel cell.
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successful future
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RADIO-TV
COMPUTERS

ELECTRICAL
ENGINEERING

This interesting pictorial booklet
tells you how you can prepare for a
dynamic career as an Electrical En-
gineer or Engineering Technician in
many exciting, growing fields:

MISSILES « RADAR * RESEARCH
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nities, length of study, courses
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well as pictures of the Milwaukee
School of Engineering’s educational
and recreational facilities. No obli-
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MILWAUKEE SCHOOL OF ENGINEERING

MAIL COUPON TODAY!

MILWAUKEE SCHOOL OF ENGINEERING
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SILICON RECTIFIERS. All rectifiers listed at maxi-
mum peak inverse voltage ratings; opproxi-
mate forward voltage drop, 1.5 valts,

tN1450 5 omp. 100 volts 1.00
IN1451 5 amp. 200 volis 1.25
IN1452 5 emp. 300 volts 1.50
IN1453 5 amp. 400 volis 2.00
IN1454 25 amp. 100 volts 3.00
IN1455 25 omp. 200 velts 3.50
IN1456 25 omp. 300 volts 4.50
IN1458 35 omp. 100 velts 3.50
1N1459 35 omp. 200 volts 4.00
1NO5P7 50 amp. 50 veolls 6.00
1N1462 50 omp, 100 velts 7,00
1N1466 75 amp. 100 volts  10.00
1N1467 75 omp. 200 volts  11.00
1N1468 75 amp. 300 volts 12.50
1NO5V7 150 amp. 50 volis 16.50
IN1474 150 amp 100 volts  17.00

X-BAND POWER LEVEL TEST SET, 75-36/AP

Brand ncw in original packing, with

accessories. Measures 10 to 30 Q=L ;6
dbm. 8700-9500 me. ST

PRICE $14.95 each Y ¢

OIL CAPACITORS
1 MFD. 25,000 V. DC Westinghouse Interteen
Type FP Style 1313884 , .., ., $39.50 each
10 or mare . .. ............... $35.00 gach

RCA 6032 IMAGE-CONVERTER TUBE
Combined with suitable optical systems,
this 3-electrode tube permits viewing of

s scene with infrared radiation. Scene to
f be viewed is imagined by optical objec-
tive upon semi-transparent photocath-

ode. Spectral resp., §-1: good responsc

dp tn ubnut 1200A. Max. ratings, abso-

Iute grl 20.000V DC or peak AC. grid
.................. $9.95 Postpaid

NICKEL CADMIUM BATTERY 1.2 VOLTS
Rechargeable thousands of times. Alka-
line storage battery sintered-plate. Flat
voltage curve during dlschnrge Wwill hold
charge for long period of time, High dis-
charge rate up to 50 amps. Splll proof,
may be used in any position. Approx. 10-
am ere hnur capacity. Dimensions: 8~

hig| ” wide; 15" thick. Approx, wt.:
8 oz Uses potalslum hyvdroxide 130 Electro-
350 ccc000509000000000000080a000 .%$1.95

MINOR SWITCH
10-position, 3-pole with stopper
coil and reset coil 6-12 volts D.C.
off-normal non-bridging wiper ap-
ﬁrox dimensions: 4" long X 11/
igh x 132" wide. Weight 1 ;‘)
$9.95

POTTER & BRUMFIELD RELAY

#SMSLS. SPDT 8.000 ohm

11/16” dia. x 1-11716” long.

Approx. weight 1 oz, Hermeti-

cally scaled. Standard 7-pin miniature base,
$2.00

SIGMA EXTRA-SENSITIVE A
PRECISION RELAY—SERIES 5¢ h

Extremely precise, rugged DC gen-
eral-purpose sensitive relay. Bal-
anced armature, single-pole, dou-
ble-throw. Sultable for wide range of adjust-
ments. Dlmenllnns 144" x 1-5/16% x 1-11716"”
high. Weight: 41/ oz, 5F-5,000-S: 5000 coil

ohms. Opcrates 1.0 ma DC ,,.......,.
5F-16.000-S: 186. 000 coil ohms, Operntel 0 5
ma DC . ... L. oL $4.95

TYPE AN/ARN-6 RADIO COMPASS

Receiver R/101/ARN-6.
100-1750 ke in four
bands. Excellent condition,

Price ........ $49.50
Loop AS313-B. Excellent
condition.

Price ........ $27.50
Indicator ID91B/ARN-6,
Excellent condition,

Price ......... $9.95
Mounts MT-273 or MT-
274. Excellent condition.

Price . ... . $9.95 each

g

A

MANUAL Handhook of operating instructions, gui
crdl installation mlln-lmem plus
pogen of (Ilngrnmn & rchematie
Pri:o ...... .

1/100 SECOND TIMER, INTERVAL,
115 VAC, 60 CYCLE

MfRA. by Standard Flectric
Time Co. accuracy 005

.$3.50

RI'S—totallzes @0
ahort hand -mullelt
:rn(luatlonu A1 see. 11
nke lD.l‘ﬂnll' ’7 "
VI)(‘ mnn—wnm bnclqzround
w/black characters clock mo-
tor to elose set of contacis at one M:ond Intervals
contact TALINE | amp. 28 VDO non Inductive, Manual
f reset. Ontsdde dim. PRICE $25.00 EACH

NO C.0.D.’S. REMIT FULL AMOUNT WITH ORDER.

': & H SALES CO.

n.
33% mq. in.

Paiadens @, Calif
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Mac’s Electronics Service
(Continued from page 44)

calibrated voltage fed from a poten-
tiometer. A meter is used just to indicate
equilibrium of the two voltages. The
millivolts, and consequently the meas-
ured temperature, is read from the dial
ol the potentiometer. Lacking equip-
ment of that kind, I settled for this little
agadget that indicates relative tempera-
tures nicely and even gives a rough in-
dication of actual temperatures between
100° F and 1000° F.”

Barnev pointed to a little black box
lving on the bench with a small meter
with a 0-10 scule in the top of it and a
short length of hrown thermoconple
wire coming out of a small hole in the
case,

“This is actuallv the antenna-current
indicating unit from the war surplus
274-N transmitter,” he explained. “The
meter itself has rather special character-
istics intended to give a roughly linear
presentation of r.f. current when used
with the r.f.-heated thermocouple inside
the case. Shaded poles of the meter
cause it to read full-scale with 3.5 ma.
of d.c. and half-scale with only 1 ma.
Best of all the meter has only three ohms
of resistance. That means you get a good
pointer deflection with only a millivolt
or so0 across its terminals—something vou
couldn’t get with the high-resistance mni-
cronmmeters 1 first tried to use.

“Actually all T did was whack off
eighteen inches of that iron-constantan
wire—the shorter the length the more
sensitive the meter—and connect it to
the meter terminals and twist the wires
together at the other end to form a
measuring junction. Notice I can make
the pointer go up almost half a unit on
the scale simply by pinching this junc-
tion; vet 330° F in Mom’s oven only
makes it read half-scale, and the heat
of our soldering tip can’t quite pin the
needle. I used the oven thermometer to
make this graph of approximate tem-
peratures indicated by meter readings.
Of course the graph only holds good
while the ambient temperature of the
meter terminals is at room temperature
of around 72° F, but in ordinary usage
it will be near that. However, I make no
claims about the accuracy of the gadget.
That's why 1 call it a ‘heat indicator’
instead of a thermometer. It does,
though, show relative temperatures
quite easily and told me quickly the
blower lowered the bulb temperature of
my transmitting tubes substantially. No-
tice how that meter pointer moves as |
slide the measuring junction around on
the bulb of this 60-watt lamp.”

The pointer jumped up to 3.5 on the
scale when the junction was touched to
the end of the bulb and then went on up
to 5 when the junction was slid around

www.americanradiohistorv.com

to a hot spot on the side opposite the
filament.

“If Bruce had used this on the recti-
fier tube, he could have guessed it would
burn the carpet,” Mac observed; “but
he could have learned the sime thing
another wav. \Watch this.” He picked
up a cravon and made a grayv-green
mark on top of a rectifier tube in the
TV chassis operating on the end of the
bench. In a second or so the mark
changed to a deep purple.

“What kind of a crazy mixed-up
cravon is that?” Barnev demanded.

“It's a ‘Thermochrom’ cravon manu-
factured by Curtiss-\Wright Corporation,
When a mark applied to a heated sur-
face changes color in I to 2 seconds as
this did, the temperature of the surface
is within 5° C of the temperature indi-
cated on the cravon. In this case. that's
150° C or 300° F. If the color changes
more slowly, the temperature tested is
not up to the change-temperature of the
cravon. An almost instantancous change
means the temperature is higher than
the change-temperature. Eighteen
‘Thermochrom’ crayons provide temper-
atre  measnrement from 130° F to
1240° F.

“The same company also manufac-
tures ‘DetectoTemp’ paints that work on
the same principle, but thirtv-six of these
paints cover a range of 104° F to 2162°
F. Applied to a cool surface, they will
reveal developing hot spots as the tem-
perature rises. Some of the paints holl
the changed color. That means a critical
component such as a transistor, trans-
former, tube, or motor armature can bhe
painted and from then on will reveal if
it is ever overheated. Both cravons and
paints are used a lot in industry and re-
search.”

I don’t doubt it,” Barnev said as he
studied the ineide-outqide thermometer
on the wall; “but don’t vou suppose we
could have picked a better day to dis-
cuss a hot subject like this? It's just a
hundred degrees out there!” A

“You check tubes free?"”

ELECTRONICS WORLD
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THE CS-3 SOUND COLUMN SOLVES EXTREME REVERBERATION
PROBLEMS WITH EXTREME EASE AND ECONOMY.

Here's the newest way to rid yourself of P.A. installa-
tion headaches in problem areas. Use the new Uni-
versity CS-3 Sound Column! It's specially designed to
meet moderate power requirements—ALL AT A PRICE
FAR LOWER THAN YOU'D EVER EXPECT FOR SUCH
PERFORMANCE.

How? Easy—and with the same superb engineering
and quality control that goes into all the Uniline
products. With the CS-3 you get: (3 superb speech
reproduction in moderate-size areas; [ excellent
music in high reverberation areas; (] extremely wide
sound coverage; (1 the complete answer to feedback
difficulties. And, as with all Uniline Sound Columns,
the CS-3 is ACOUSTICALLY TAPERED to prevent high

frequency beaming...a University exclusive!

And don't forget another important characteristic
of the CS-3: High *A’{High Audibility), which is evidenced
by a considerable decrease in distortion, improving intel-
ligibility and increasing listener comfort. This is particu-
larly noticeable when standing or sitting close to the sound
source, for, as you know, conventional loudspeakers tend

to ‘blast’ under similar circumstances.

So, for optimum dispersion (at all frequencies), for uni-

UNIVERSITY
PROUDLY
ANNOUNCES
ANOTHER
SOUND
SOLUTION:

E UNIVERSITY_;

THE
UNILINE
CS-3
SOUND
COLUMN!

MODEL CS-4
UNILINE
(Right)

MODEL UCS-6
UNILINE
(Far Right)

MR

ITIET

in high reverberation areas auditoriums, terminal
waiting rooms, industrial areas, gyms, pools and
churches)...FOR UNILINE SOUND QUALITY AT IN-
CREASED SAVINGS...choose the CS-3, University’s
newest {and lowest-priced) addition to the Uniline
Sound Column family. $89.95 dealer net.

DATA (compare the following specifications point
for point with other products in the same class, then
you decide which sound column will be your best,
most trouble-free buy):

MODEL (CS-3—{equipped with special elliptical hi-fi
speakers and two tweeters for music and speech appli-
cations; tapered for use in clusters}

Frequency Range ... . .......... ... 150-10,000 cps
Power Capacity ....................... 25 watts
Impedance . ... ...................... 16 ohms
Vertical Angle . _ ... .. .. ... ............. 22°
Horizontal Angle . ............ ... . ... 1200
Dimensions . ..... ... ... ...... 48" x 712" x 8%"
Shipping Weight . ... ... .. ... .. ........ 33 Ibs.

For complete specifications and instructions on the
entire Uniline Sound Column series, write: Desk S8,

form sound levels (within the beam), for speech and music & bivision of Ling-Temeo-vought, ine. University Loudspeakers, White Plains, New York.

September, 1962 CIRCLE NO.
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WIRL=CON

—l=___

NEW INGENIOUS tool that takes
the hard work out of making
component connections.

. S
:

“ MAKES quick,
difficult places.

neat connections in

% PC chassis removal unnecessary in
most instances.

v Easily connect to very short leads
on capacitors, resistors, transformers,
coils, etc.

SR s T
Shen AR
LS.

+ Eliminates bad solder tonnections,
resin joints, short tircuits, broken
secket lugs, and damaged PC boards.

A TWIRL-CON tool will bring a big-
ger return on your investment than
any service aid or tool you can buy.

WLy

;; Make more profitable use of your
- time. Put a TWIRL-CON to work for
you Today.
§ 4 sizes: Junior, =1, =2, and =3.
1 Fits from 22 to 14 ga. wire. =1 and | |
i =2 most used sizes.
Distributors please write for ad-
ditional information.
$2.00 ea. POSTPAID. Satisfaction
. Guaranteed. Order from your local
Pat. distributor. If not available, order
Pending  from

TWIRL-CON TOOLS® ''21.n- Eomt st

CIRCLE NO. 147 ON READER SERVICE PAGE

o
w0

FALL SPECIAL!

Gregory Electronics Guoranieed Re-conditioned

2-WAY FM MOBILE RAD!IO
RCA CMF55

6/12 volts, Dual Dynamotor 55 watls
30-50 mc. Completely norrow banded (Tx
& Rx} with qll occessaries including on-
tenna. Tuned and <rystalled ta your fre-
quency.

$ Z ZO F.0.8. Our Warehouse

A COMPLETE SELECTION OF
GUARANTEED RE-CONDITIONED
FM 2-WAY MOBILE RADIOS
G-E, RCA, MOTOROLA & OTHERS!

LOW, HIGH & UHF BANDS
Write For New Catalag
WANTED . .. FOR CASH!

Late model 2-way radio equipment.
State price, condition, quality.

GREGORY --
ELECTRONICS
CORPORATION --srmeme- -

110 Route 46 Saddle Brook, N. J.
Phone PR 3-7550 =

CIRCLE NO. 117 ON READER SERV
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U.H.F. Conversions

(Continned from page 43)

| installation. When it becomes wet or
| dirty, however, signal loss can increase

bv us much as six times. For this reason,
an installation that works well initially
can deteriorate in a verv short time. In a
weak-signal area, flat twinlead is an in-
vitation to call-backs.

Hollow, tubular twinlead also has
drawbacks. Although it has low loss at
first, it can become filled with rain water.
If it is used at all, then, care must be
taken to run it so that no ends opening

| into the hollow center portion face up-

Fig. 4. Frequency-selective u.h.f.-v.h.f.
splitters, like the Blonder-Tongue A107,
minimize losses with a single downlead.

ward and to provide weep holes at the
lowest portion of the line. However, the
best practice is to use one of the heavy
new polvioam cables, such as Amplienol
214-105, Belden 8325 or 8275, or RCA
933014. These are rugged and durable.

The rules for running v.h.f. downlead
also apply to u.h.f. The difference is that
vou will have to toe the mark to get good
results, since vou can't get awayv with

| flouting good practice so readily. For ex-

ample, keeping the wiring away from
metal surfaces as much as possible be-
comes very important. Never splice
uh.t. cable. Keep lengths as short as
possible, but dont run the lead near
other wires. Use as tew stand-oft insu-
lators as will support the cable properly
as each stand-oft increases losses. When
signal is verv weak, use only the tvpe of
stand-off insulator that does not encircle
the lead with metal.

Adapiing the Receiver

Of approximatelv 535 million TV sets
in the field today, less than 10 per-cent
are equipped with u.h.f. tuners. The rest
must he adapted, in either of two wavs.
On receivers whose tuners use separate
strips for each channel, an individual
w.h.t. strip may be inserted in place ot
one for an unused v.Ir.f. channel. These
strips will become more readily available
as u.h.f. becomes more popular. Al-
though this is the least expensive method
when one u.h.f. channel becomes avail-
able, it has drawbacks.

www.americanradiohistorv.com

One u.h.f. strip enables the set to re-
ceive only a single uh.f. channel, to
which it is tuned. It makes no provision
for future transmitters that mav come
into the area. Also, it provides no ampli-
fication of the received signal which may
be necessary or desirable in manv areas.
Furthermore, installation is relativelv
difficult in tenms of labor. In virtually all
cases, the chassis must be pulled from its
cabinet and sometimes it must be taken
to the shop. Manv cases mav require
alignment for complete success. This can
build up the labor bill and introduce the
possibility that the customer can blame
the technician for other receiver faults.

For these reasons, most sets in newly
opened u.h.f. areas are being equipped
with tunable, all-channel converters.
This unit, one type of which is shown
in Fig. 5, normally sits on top of the
v.hi. receiver like a radio. It accepts
u.h.f. signal from the antenna, converts
it to a v.hf. signal that can be handled
by the TV set, and applies the signal to
the latter.

The conventional converter contains
a local oscillator, operating in the u.h.f.
band (V- in Fig. 3), which is tuned 82
me. below the frequency of the channel
being received. Since 82 mc. is the divid-
ing line between channels 3 and 6 on the
v.hf. band and the bandwidth of the
converter output is fairly broad, con-
verter output may he received by tuning
the TV receiver to either of the two

Fig. 5. This all-channel, top-of-the-set
converter {the BTU-25) also amplifies.

channels noted. One or the other will not
be active in a given area. Adjustment of
the fine-tuning control on the TV set or
the tuning control on the converter will
assure reception with the proper band-
width, on either channel 5 or channel 6.

This method sounds simpler than it is.
Since u.h.f. oscillators are not easv to
design and produce, onlv a few manu-
facturers have heen able to market con-
verters that are reliable and durable. In
poor signal areas, reception can be im-
proved with i converter that also ampli-
fies. The schematic in Fig. 3, which in-
chides an amplifier stage (V1) is tor the
BTU-28 converter shown in Fig. 5. A
similar, less expensive converter, Model
99R. omits the amplifier stage for in-
stallations where the boost is not needed.

ELECTRONICS WORLD
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Most reliable converter manufacturers
maintain factory service facilities, since
very few service shops have either the
equipment or the know-how to repair
the tuning section or to perform align-
ment. However, converters are subject
to a variety of easily cured ills. Thus the
average technician can repair 80 or 90
per-cent of the troubles he will encounter
with nothing more than a v.t.v.m,, pro-
vided he does not disturb alignment.

Most troubles will be solved by tube
replacement. When this is done, even
though it involves the oscillator tube,
there is no need to attempt re-alignment.
The worst effect of a tube change is that
there will be some shift in tracking on the
u.h.f. band, which may not be very per-
ceptible. In any case, this can be com-
pensated in tuning of the converter or
by adjusting the fine-tuning control of
the TV receiver. Bandwidth and fre-
quency response will not be affected. Be
careful not to re-adjust or move any
coils, contact strips, or trimmer capaci-
tors.

Other common sources of trouble are

the diode (Y:), the rectifier (X.), or a|
poor contact. Signal voltage from the
oscillator is injected into the mixing di-
ode through a wire “whisker,” which
extends from Y, to the oscillator. This
“whisker” controls the amount of injec- |
tion voltage. Since the wrong injection |
voltage can affect bandwidth and sensi-
tivity, causing buzz in the sound or smear
in the picture, be sure not to disturh its
position.

If a diode has been replaced, carefully
set the “whisker” to its original condi-
tion. The correct position, which will
produce neither smear nor buzz on any
u.h.f. channel, can be found by trial and ‘
error.

Another problem is that u.h.f. oscil-
lators do not work on low line voltage.
If reception tends to cut out, do not at- |
tempt other troubleshooting until you|
have checked to see that rectifier output
is at least 90 volts and filament voltage at
least 5.9 volts. With these hints and con-
ventional troubleshooting methods, the
need to use the manufacturer’s service
facilities should not arise often. A

Calendar of E'vents

AUGUST 23-26

NATESA Annuval Convention. Pick-Congress Ho-
tel, Chicago. Details from Fronk J. Moch, Exe-
cutive Director, 5908 5. Troy St., Chicage 29, Ill.

AUGUST 29-SEPTEMBER 1|

1962 Congress on Information Processing. Spon-
sored by Internotional Federatien of Information
Processing Societies. Munich, Germany. Program
information from Dr. E.L. Harder, Westinghouse
Electric Corp., East Pittsburgh, Pa.

AUGUST 28-30

Fourth EIA Canference on Maintainability of
Electronic Equipment. Spansared by Engineering
Dept. af EIA in coaperatian with the Dept. of
Defense. University of Calorado, Baulder. De-
tails fram ElA, 1721 DeSales S$t., N.W., Wash-
ington.

AUGUST 31-SEPTEMBER 9

World's Fair af Musi¢ & Sound. McCormick Place,
Chicage. All phases of music and sound. Open
to public.

SEPTEMBER 3-7
International Sympaosium an informatian Theory.
Sponsored by the PGIT, Benelux Sectian & Bel-

gian Societies. Free University of Brussels,
Brussels, Belgium. Program details from F.L.
Stumpers, Philips Research Llabs., Eindhoven,

Netherlands.

September, 1962

SEPTEMBER 5-7

Symposium on Measurement of Thermol Ro-
diation Properties of Solids. Sponsored by
Aeronauticol Systems Division USAF, NBS, NASA.
Biltmore Hotel, Dayton, Ohio. Details from C.
Robert Andrews, Choirman of Arrangements,
University of Dayton, Dayten 9, Qhisc.

SEPTEMBER 13-14

Sixth Nationol Symposium on Engineering Writ-
ing & Speech. Sponsored by PGEWS of IRE.
Mayflower Hotel, Washington, D.C. Program
details from J.E. Durkovic, ¢/o ARINGC, 1700 K
Street, N.W., Washington.

Tenth Annual Engineering Management Confer-
ance. Sponsored by IRE, AIChE, AICE, AIEE,
AlIE, AIME, ASCE, ASME. Raosevelt Hotel, New
Orleans. Pragram details fram J. §. Cave, ATAT,
195 Broadwoy, New Yark 7, New Yark.

OCTOBER 1-3

Eighth National Communications Symposium.
Sponsored by PGCS, Rome.Utica Section of IRE.
Hotel Utica & Municipal Auditorium, Utica, New
York. Program details from George Baldwin,
Paris Road, R.D. #2, Clinton, New York.

OCTOBER 2-4

Eleventh Annual Symposium on Space Electronics
and Telemetry. Sponsored by PGSET. Hotel Fon-
tainebleau, Miami Beoach, Flo. Program details

from Otto A, Hoberg, George C. Marshall Space
Flight Center, NASA Redstone Arsenal, Ala. A 1
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GET IT from GOODHEART!

ARC-3 and ART-13A TECH MANUALS!

Handbooks Mainten. Instruct. include Genoral desc.,

Adjust., Oper., Theory. Mal
. o Schematics. /

is 284 Ibs thick! All modit. .

13A I8 1372 Ibs thick. useful for ATC, ART. s‘ﬂ 00

13, -A, -B, thru June "38. Eilhecr book, np. e

RADIO RECEIVER AND/OR SPECTRUM ANALYZER

AN/APR-4 yevr i3 the 1l.tube 30 mec IF ete.
plug- tuning& units; has S-meter. 60 cy pwr sply.
Pan. video & Auuio ou uls AaM. Checked, aligned.
with heads for 38-1000 m 4.00
pwr Plug & Hnndbook. hm Los ANE.

$79.80 for Test
™,

Add $59.%0 for 1 . Z 2 kmc; adﬂ
oscliintor T5-47/APR, 40.3000 m¢ 21%, CW, A
Pm. w/bullt-in &0 cy PBwer sply, fob Los ANE., Add
$45.00 to get AM/FM revr Insteag of AM

2-METER RECEIVER & 2/6/10 METER XMTR

SCR.522 rcvr, xmitr, rack & _
case, exc. cond. 19 tubes
include B32A's. 100-156 mc
AM. Sallsfaction grtd. Sold
at less lhasn" the tube cost In

slganlgs! ‘DE wt B85 ibss
F v erton.
wasn. onty —r... $14.95

Add $3.00 for complete
technical data group includ. §
ing original schematics &
parts I¥sts, L.F.. xtl lormu-
las, lInstruct. for AC pwr
sply. tor continuwous
tuning. for xmir 2.meter
use. and for putting xmtr on & and 10 meters,

COMMUNICATIONS RECEIVER BARGAINS

¢ 150.550 kc &:tube superhet w/8S kc IF's,
ideal as lonz.wave revr. as tunahle IF & as 2nd con!
vert., w/all  data. CHECKED ELECTRIC- slz 95
ALLYf Grtd. OK! 11 ibs. fob Los Angeles . . L
Same. In handsome cabinet w/pwr sply.s Kr.

etC., ready to use. is our QX. ;5 190 be = 547 50
RBS: Navy‘’s pride 2-20 mc 13-tube umcrlwt has
valce filter for low noise, ear-saving AGC. high
& select. IF Is 1258 ké. CheCked. allghed,

sply. cords. tech data. ready to use. fob ¢
Charleston, S.C. or Los Angeles . ... ....... 51950
R-35/ARR.7 brand new, 12-tube superhet .58.43 mc

in & bands. s-meter. 4SS kc IF's. xtl filter, & sel.
positions, etc. Hot and complete, it €an be madc stlll
better by double-converting into the BC
$3s5. Pwr sply includes DC for the aulom:llc5‘|7g 50
tuning motor. FOB San Antonio
Time Pay Plan: $17.9% down, 11 x $16.03

0s€. 0-3 & Converter €V.1 in Casc €Y.4; Meaa {with
orh.-nn-rs) DT-2: Dynamotor Asshly DY 6 Control €-8;
Indicator {D-S5 (5 a 1/3-0-) ma dc eter, may be
parallefied by a recorder If dcslred). set ot plu
and 160.page Handbook. Input 28 v d¢ 10A, start m:
SUFRC JOA. At maXx. sensitivity, S gammas produce
?‘/z ma de. 'In Mir® ssn cking, CIHRI: and fresh as day

left tne factory. ShPg wt 250 Ibs
fob Phila.., Pa. g - . $34950
Add for Recorder RD-3/ASQ, new

RECORDING OSCILLOGRAPHS

Esterline-Ankus Type AW 0.1 ma dc, w/120 v, 680 Cy
synch. chart drive 113, 3, 6, 12, 24 Inch Per min. or
per hour. Scaie reads O 30 Less front s]*,g 50
door, w/pen, BRAND NEW. o
(11 neecded, get from Est-AngRus: 0.1 scale: $4.00.
Door, latch & hlnke hooks: toml $31.40.)

...... $200.00

varlan C-10 Potentiometer {continuous null balance)
Servo & chart drive make a $405 system, yol Ect for
only $215.75. 6”-wd rectltinear roil chart, 100 myv
FS. Set zero to any position. Accuracy 1% of FS.
Any source Imped. to ,1 mek. FROM US: Pen-drive
servo unit rcgularly $307.50 less Den &59" 50
mercury cell. checked OK, oni c,
FROM VARIAN: Chart-drive unit, you choose sbeed:
your choice of Chart: ink or inkiess stylus: etc.
Totals $118.75. Cat. sheels on renuest.

Varlan G-11A, 0-10 my d¢, NEW, Combiete.

ready to use: w ‘factory warrantee! Onty

Ask mr sheets on Sanborn. Brush, Gen. Elcct.. l. 2,
chan. recorders, DC amplitiers, pernmotors.

MEASURE E, I, R TO 4-FIGURE ACCURACY

and with ZERQ current drawn (rom Ckt beinR meas-
ured. Voltage: Direct reading., PotentiometriC method.
we supply the L & N 3.dlal Kelvin:ckt 20k ohm volt:
age Divider, accuracy .01 %, plus .01 %, resistors for
Oivider connection as Wheatstone Bridge, plus 0-Center
uAmmeter. BlUS exaCt Instructions. theory & Bracticai
ckis. All above Included in $1035.00 Test Set TS-
666/AP. Non-lnguctive resistantes: measures AC Jas
well as DC. Has sSmall.error AC amplifler. s"g 50
With original Wandbook. aft for onty S

STANDARD SIGNAL GENERATOR BARGAINS

Navy LAE-2 brand new w/ charts, graphs, cords, Hand-
hook. $20-1300 mc =1 %, AM, CW. Puise mod.. Cal.
ibrated Vo 1 uv to .1 v x1 db & 1%, Pulsc delay

3.300 usec, duration 2-30 usec, rate

60.2500 pps. FOB San Diego. oniy...... $89.50
Meas. CorPp. BO 2. ‘00 mc. %350, ‘84 300- 1000
me, $1S0 3798 Pulse Gen., $69.50. LX/804: Tis.

330 mc. $149.50. Ete. Etc] ASK tor your NEEDSI

0.1% SORENSEN Line Voltage Regulator

£80005 regul. agalnst
load cnanges 0-5 kva &
line Cchanues 95.130 v,
1 ph SO0/60 cy; adj. out-
put 116-120 v. halds to
©0.1% . Marm. less than
3% . ReCovery .15 sec
Ranularly 56 D kess
R pack 265 aen
orflg. pack,
ibs, tob Utlca $34g 50
"100025 ls same except
190-260 v in to
Zlovoul lph.

fob Los Angeles 5119 50

S0LA BARGAIN: 2 KV'A
n ia

..$89.50

. Pa., only ...

Convert above for 230 v X179 ouwul. with new
westinthouse Autotransformer. 5 kv. 545 00
230 v S0/60 Cy.. 1ob Los AnReles. And nnly K

R. E. GOODHEART CO.

P. O. Box 1220-A Beverly Hills, Colif.
CIRCLENO.155 ON READER SERVI P
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FOR “DOCTORS OF
SERVICING”

R

on emergency
callsl I ¥

Be sure to spray Shield on elec-

trical contacts and switches. A few

squirts of this trouble-shooter extraor-
dinary before servicing cleans the set clean-
er, lubricates it better—often cleans up the
trouble at once. A “shot” after servicing
provides sure-shot protection that lasts.

/ Silicone Base means Total Cleaning Power.
Write for handy guidebook to better clean-
ing. Channel Master Corp., Ellenville, N.Y.

The Professional
Service Man’s
Cleaner

-- then yov need us!
GET STARTED RIGHT by writing
for FREE 8 page catalog-iMus-
trating over 30 business forms
and systems designed’ specifi-
cally for TV-Radio Service.

ON SALE AT YOUR PARTS JOBBER

\ Oelrich Publications e 4308 N, Milwaukee o Chicago 41, fII.

TAPE HEADS D0 WELR OUT!

You'll never notice it—at first. But, gradually sound quality and
high frequency response is lost as your tape heads wear. Sooner or
later, your tape recorder loses Its capability for peak performance.
HAVE YOUR DEALER GIVE YOUR HEADS AN EXPERT CHECK!
Your dealer will test your heads . . . and, if needed, recommend the
proper Nortronics heads for replacement. Ask him about the new
. you'll hear the difterence with

Nortronics laminated heads . .
Nortronics heads!

Send for NEW booklet ““Head Care and Wear"
Tells how to get maximum performance
from your'tape recorder

In addition, NORTRONICS pro-
vides the most complete line of
kits for converting monophonic
and 2 track stereo to 4 track stereo.
Ask your dealer.

FREE! 7" extension tube with every
can! Reach everything easy!
CIRCLE NO.104 ON READER SERVICE PAGE

C 1962 CmC

[ TAPE RECORDERS

HI-FI COMPONENTS
SLEEP LEARN KITS
UNUSUAL VALUES|[MERITAPE. Low cost.
FREE 1962 hign quality recCora-
Catalog ing tape. in boxes or

DRESSNER tans.
1523RA Jericho Thke. New Hyde Park, N,Y,

’2’

Send for NEW booklet “Head Care and Wear”

look for
A. grooves or spots worn
on surface of head Name
B. a thin vertical black
line dividing seldresss
either poles City
lowna

NORTRONICS, COMPANY, INC.
Golden Valley, Minneapolis 27, Minn.

Enclosed is 15¢ for *Head Care and Wear"

State__

CIRCLENO. 130 ON READER SERVICE PAGE
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8-Tube TV Design
(Continued from page 51)

cut is found in the latter stage. The
audio-output cathode is grounded and
bias, applied to the grid, is tapped off
from the grid network of horizontal-out-
put stage of V..

Sync separator Vi is a conventional
triode stage, except that the tube sec-
tion used is one third of a 6AV11, whose
envelope also houses two other triodes.

A single-pentode 6GF5, V. serves as
rombined oscillator and output tube in
the vertical circuit. Tube economy is
maintained here by using a special
transformer with a tertiary winding. It
provides the inductive coupling re-
quired, in the proper phase, between

| plate and screen, to sustain oscillation.

The network between plate and gyid,
pins 3 and 7, shapes the output wave-
form for application to the vertical-de-
flection coils, L... The hold control,
R., is off the grid. The size control is R..
Svnc is maintained by applying pulses
to the screen grid through the tertiary
winding, from the sync separator plate.

Output from the separator is also ap-
plied to the horizontal phase detector,
which consists of a pair of selenium
diodes, CR: and CR.. These bring the
number of semiconductors to six. The
a.f.c. voltage is applied to a conventional

| horizontal multivibrator—whose two tri-

ode sections are the remainder of the
6AV1I, also serving as sync separator.

With low screen voltage, the 6GE3
horizontal-output tube, V:, provides ade-
quate output for the 92-degree deflec-
tion system. [felping to keep demand
from this stage down is the fact that
second-anode voltage developed by V.
for the 19-inch, low-drive CRT is only
14,000 volts,

Service & Reliability

The hand-wired chassis is small
enough to mount vertically along one
side of the cabinet (Fig. 1). In this
position, tubes and adjustments are
readily available. Despite small size, the
reduced tube complement permits plen-
ty of working room under the chassis
(Fig. 2). The sealed tuner has already
been mentioned. Another significant
contribution to reliability is the fact that,
with filament power drastically reduced,
the entire set consumes only 80 watts.
Aside from operating economy, this re-
sults in a well laid-out chassis that runs
cool. This should be no small factor in
prolonging component life.

As to electrical safety, we tend to ex-
pect hot-chassis hazards in semicon-
ductor power supplies like the one found
here. An isolation transformer eliminates
the problem. Its use was probably made
practical by the need for a 6-volt fila-
ment source to heat available compac-
tron types. A
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1 here are
parts in here
that you've
never

seen before

But vou don’t want to be caught without them! You see, Delco
Radio has new sounds planned for the 1963 General Motors
cars—and new parts to make them possible. These are wvital
parts that you, as an electronic service dealer, will need to make
the most of your business. So why wair? Get ready now jfor

the new models by calling your United Delco representative.

[DELCO
[RADIO

CIRCLE NO. 109 ON READER SERVICE PAGE
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Micro

ELECTRON TUBE
FABULOUS LOW PRICES!
LARGE SELECT STOCKS!

DEPENDABLE, FAST SERVICE!

e Each and every tube Is tested bn our
own laboratory for mutual conduct-
ance and lite test,

e We guarantee FREE replacement for
one year of any tube purchased from
us which falls to function etticiently
under any or all operating condi-
tiens. Prompt refunds are maile on
any defective merchandise.

The advertised tubes are 1ot neces.

sarily new, but may be electrically

perfect  factory seconds or used
tubes—each is clearly so marked,

12WEGT

SAwe |6BAE Ly

FEON - O L O

$46 encs poed e H

Y8 68D6 qaat/i1ze7| T8

suec |eBes 533 7nT 1486 80

sus SBF3 pecr |ima2 14a7 84 /824

Svaa GRAF6 BSAT TAT /XXFM[|19 11723
“BCeg 4 13AUIAT 117Z6

FOR QUR FREE
&

COMPLETE LIST OF TUBES
sSPECIAL

PURPOSE TUBES

ALL TUBES SENT POSTAGE PAID. Plgase send 25c
handling lor orders under $5. Send 25 % dcnosit on
€.0.0. oriders. Scnd approxitmate postage on Canad-
lan and torelgn orders.

M I c R o ELECTRON TUBE (CO.

P.0. Box 55 Park Station, Paterson 3, N, ).

CIRCLENO. 127 ON READER SERVICE PAGE

BC 221 FREQUENCV METER,

“LIKE NEw< with Orikinal Catnraiion $69 50
Book nnd CRYSTAL .
WITH MODULATION . ONLY 89.50
AN uFN 9 LonAN necelw.-- lnulc.nor with 124.95
AN AFN 4B LDRAN ﬂc:elvl‘r-lndl:a(or with 89.50
23 Ve (znu kmlc it Ih ; .
AN APR.-4 . . . 38-2200 MC Recelver with
3 Tunim? Units. Excellent. .. ... .... 35950
MAGNESYN COMPASS svsr:m COMPLETE.
Remote reamling for plane or boat I.-.xccllull 24 95
condltion. With Manual . i
ARR: z Receiver— 1| Tulws. With €1 Conver. 6 95

»io
Send Monev ordnr or Chocl« with Ovdev
Write for Latest Flyer—LOADS OF BARGAINS!

RW ELECTRONICS

2430 5. MichiEan Avenue . ept. EW
Phone: CAlumet 5.1281 chIC1I!D 16, 11,
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EW Lab Tested

(Continued from vage 20)

'better than —60 db vs —54 db rated
i The output level was approximately 2
volts per channel. Drift was negligibly
small. Due to the low output impedance,
even large capacitive loads caused negli-

gible loss ot high-frequency response.
The frequency response was not quite
as flat as the rated 20-20.000 cps 1
db. e measured a drop of about 4 db
at both extremes of this range on mono,
with the —1 db points occurring at 50
eps and 10,000 ¢ps. In the stereo mode,
the roll-oft at the frequency extremes was
| slightly greater due, in part, to a built-in
| filter intended to reduce the 19-ke. pilot

carrier in the output.

Stereo channel separation was about
130 db from 100 cps to 5000 cps, de-

creasing somewhat at higher and lower
frequencies. The stereo noise filter, in
addition to introducing some additional
loss of high-frequency respoase, greatly
reduced the channel separation.

In listening tests, the FM-100-B per-
formed very well. The stereo quality was
first-rate. Even the stereo filter, which
made a worthwhile reduction of back-
ground noise on signals of marginal
strength, did not seriously degrade the
stereo pertormance, \WWe did find one
annoying effect, however. When listen-
ing to some moderately weak stereo
broadcasts, fluctuations in level caused
by airplanes Hving nearby caused the
“Stereo Beacon” relay to chatter. Switch-
ing to mono reception solved this prob-
lem.

The Fisher FNM-100-B tuner sells for
$229.50, without cabinet. A

Roanwell Stereo Phones

! For copy of manufacturer’s brochure, circle No. 59 on coupon (page 19).

HE Roanwell Corporation is a well-

known manufacturer of micro-
phones, headphones, handsets, and sim-
ilar devices for commercial and military
applications. They have now entered
the high-fidelity market with a set of
stereo headphones.

The phones are housed in plastic,
shaped to follow the contowrs of the
human ear. They are marked for left and
right ears, but this is almost superfluous
since putting them on backwards pro-
duces a sensation not unlike wearing
one’s shoes on the wrong feet. On the
other hand, when properly worn, these
headphones fit tightly vet very confort-
ablv. Their vinvl ear cushions, which
are foam-filled, make an excellent seal
and external sounds are almost com-
pletely excluded. They adjust easilv to
| fit anvone, and the vinyl headband can
hardly be felt.

We received no specifications with
the phones, but measurements indicated
that their impedance (measured with
the phones paralleled) is about 8.5
| ohms, rising to 10 ohms at 15.000 cps.

www.americanradiohistorv.com

(Each phone has a nominal impedance
of 20 ohms.) In listening tests, frequen-
cies from 30 to 15,000 cps were clearly
audible, with no significant peaks any-
where in that vange. There was a peak
at 17,500 cps, large enough to be audi-
ble in spite of our limited hearing at that
frequency. The low-frequency reproduc-
tion was clean, without signs of distor-
tion or muddiness.

These phones are very efficient. Con-
nected to 8-ohm amplifier outputs, e
reached ear-shattering levels at gain set-
tings which produced a mere whisper
from loudspealkers of moderate effi-
ciency. We were impressed with their
ability to operate at very high levels
without unpleasant distortion. Subjec-
tively, they can provide tremendous im-
pact and realism when operated in this
manner.

We also appreciated the fact that the
phones are equipped with a long cord
(about 14 feet), allowing the wearer
some freedom of motion while using
them. The cord has four color-coded
wires, to which the user must fit plugs of
his choice. The phones will be marketed
by the Heath Co. at $37.50. A

Sencore PS120 Oscilloscope

For copy of manufacturer’s brochure,
circle No. 60 on coupon (page 19).

HERE gre o good many technicians, includ-

ing those engaged in radio-TV servicing, who
swear by the scope and wouldn't atempt ta go
into a TY set’s sync tircuits without ene. On the
other hand, there still remains an even larger
group of such technicians thot are a little ofraid
of this most useful instrument. These men have
bought ¢ scope whith is now gathering dust on
their shelves or they have never invested in one
at all. In an effort to make the scope especiglly

pa|ulob|e to these technicians, Sencore has re-

ELECTRONICS WORLD
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cently brought out a unit that looks and is about
as easy to operate as a v.tv.m.

To one who has lugged around many a S-inch
scope, the compactiness (8% ” high, 7" wide,
11" deep), light weight (only 12 pounds), and
convenience of the Sencore PS120 with its 3“
CRT is a welcome change. There are no dangling
leads either, thanks to the built-in compartment
that holds the input leads and low-C probe,
The small size allows it to fit easily on a shelf
or on the bench itself without its geting in the
way. A large rectangular graticule makes the
waveforms seen on the scope look larger than
they actually ore.

The scope is a wide-band instrument with a
rated vertical response within % db from 20
cps all the way up to 6 me. for color-TV work.
Its maximum deflectian sensitivity is 35 mv.
r.m.s. for 1-inch defleclion. Four sweep ronges
ore provided with sweep frequencies from 15
cps to 150 kc. Although at first glance, it ap-
peors that some operating controls have been
omitted in order to simplify the scope, this is
not true. Instead, by using two large dual con-
centric-knob controls, a row of six knobless pots,
and by putting a couple of slide switches and
input terminals behind the lead tompartment
front panel, everything has been taken care of.

The circuit of the PS120 is fairly conventional.
Vertical signal comes into the scope through
a frequency-compensated voltage divider to a
cathode-follower. The signal is then amplified
by two pentode stages and then by a push-pull
triode output stage which feeds the vertical
plates of the CRT. Frequency compensation is
used throughout to maintain wide-band
sponse. The sweep generator is a multivibrator
whose output is applied to a push-pull triode
output stage that connects to the horizontal
plates of the CRT. Two rectifiers complete the
circuit line-up.

re-

We tried out the scope on the bench using
a number of differenl input signals and found
that it displayed all of these readily with a
minimum of control odjustments. The control
ronges were well centered, sync was positive
and non-criticol, and there wos no evidence
of hum meodulation on the high-gain verticol
chonnel. We did notice a little hum modulation
in the horizontal channel however, and this hod
the effect of slightly spreoding out! the trace
horizontally. We learned from the manufacturer
thot in some of the early production models
there wos some horizontal pickup by the CRT
itseff. This was remedied however by use of
a Mumetal shield around o portion of the tube.

Qur first measurement was of Ihe maximum
vertical sensitivity. This turned out 1o be 33 mv.
r.m.s. for l-inch deflection, slightly better than
ratled. The aflenuation of the probe and the
coarse vertical attenuvator were then checked and
found to be accurotely 10:1. Since the fine verti-
cal attenvater is calibrated for peok-to-peck
measurements, we then proceeded to check the
readings obtained from one end of lhis cali-
brated contro! to the other, We found that all

readings were within +3 and —10 per-cent of |

their precise values. This kind of accuracy is
certainly satisfactory for most service-type work.
If it is desired to center the range of reading
to improve its accuracy, then the gain of the
vertical omplifier can be changed by an internol
calibration adjustment.

Our next step was to check the frequency
response of the vertical channel of the scope.
Using the low-C probe supplied with the scope,
we found the response to be flot from 20 cps
up to 5 me., dropping ta —3 db at 7.5 mc.
interestingly, we were still seeing an indication
of r.f. signal on the screen up os high as 12
mec. although we could not see individual cycles.
We then connected our generator directly to
the vertical input termino! of the scope. Our
response now extended out flat to 3 mc. and was
—3 db at 6.25 mc. Finally, using the direct
probe, we found the response to be flat from
20 ¢ps up to 2 mc., and then a gradual roll-off
reaching — 3 db at 5 mc. This kind of response
was the result of the shunt capacity of the input
lead loading down the generator. The figures

NEW SAMS BOOKS

A T NAMETE ] %

Troubleshooting with the VOM-YTVM

Robert G. Middleton deacribes the op-
eration of VOM's and VTV M’s; shows
in detail how to use these instruments
for troubleshooting TV circuita, Tells
how to check and interpret voltages; gives nrtigg-b’y.
step procedures for analyzing every type of TV

cuit, Also describes measurement and analysis of
both AC and DC voltages, resistance, capacitance,
and RF signals. Includes measurement and analysis
of transistorized circuita. 160 pages; 514 x 814", $

Order TWV-1, only....... 29

Howard W. Sams PHOTOFACT Guideto TV Troubles

By Herrington and Oliphant, Causes of more than
90%, of troubles can be isolated in minutes by
following the procedures described in this book.
Presents numerous actual picture screen photos
showing which defective components cause the trou-
ble. The many schematics included are accompanied
by check charta showing troubles likely to be caused
by various defective components. Qutlines symptoms,
analysis checks and where to look for trouble ’295
causes. 160 p.; 514 x 814", Order PFG-1, only. .

Fundamentals of Magnetic Amplifiers
Barron Kemp has written a practical, easy-to-
understand text for everyone working with satur.
able-core devices, such as those useg in missiles,
computers, industrial equipment and lab instru-
ments, Describes basic reactors and reactor core
materials; covers theory and operation of magnetic
amplifier devices. Using a "building-block™ ap-
proach, succeeding chapters provide a wealth of de-
tail on design, applications and testing. 128 p.; $
514 x 844", Order FMA-T,0only........... 295

, .
ABC’s of Radiotelephony

By Lec G. Sands. Here are all the basic principles
of wireless communication, clearly explaining how
radio signals are develo and transmitted and
how they are received and converted into intelligible
sounds. Block diagrams and basic circuit descrip-
tions explain operation of both FM and AM trans.
mitters and receivers. Chapters cover basic prin-
ciples, carrier signal generation, carrier modulation,
carrier radiation, carrier reception and demodula-
tion, types of radiotelephone systems. 96 pages; $195
534 x BY4". Order ABT-1, only ... 1

[E——

. | Servicing Transistorized Two-Way Radio

This ia the first complete volume de-

L '5'31';- scribing servicing techniques for the
RIS odern transistorized 2.way designs
v0-"8¥  ysed by major manufacturers, such as

il | G-E, Motorola, RCA and others.

__EJ Chapters cover: Transistors; The

obtained certainly bear out the manufacturer’s
claim of a wide-band scope which is entirely |
suitable for color.TV work,

In summary, the Sencore PS120 (available at |
$124.50) turned out to be a compact, can- |
venient, easy-to-use instrument having high gain I
and wide bandwidth~~a worthwhile addition to
any service bench. .. ...... 0000000600000 E.W. i

Pictured below is a mobile communications laboratory designed by Electronics
Communications, Inc. for the purpose of demonstrating, checking, and testing CB
“Mobilab,” the unit is completely self-contained.

equipment. Dubbed the

September, 1962
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Transistorized 2-Way Receiver; Trou-
bleshooting and Receiver Alignment;
Transistorized Mobile Power Supplies; The Tran-
sistorized Mobile Transmitter; Tone-Coded ’295
Squelch Systems. 128 p.; 514x814". TRT-1, only

TV Diagnosis and Repair

By the Editors of PF Reporter. Prac.
tical servicing procedures and cures for
typical TV circuit troubles, adapted
from PF REPOKTER articles. Covers im-
portant tube problems (repeat burn-
outa, unusual tube troubles, and tube
changing). Special sections on sync
and horizontal sweep groblems (pie-
erusting, Christmas-treeing, yoke and flyback trou-
bles). Also covers source-voltage and sudios 50
troubles. 96 p.; 544 x 814", Order TDR-1, only. ]

JUST OUT—TUBE LOCATION GUIDE, VOL. 12 |
Latest edition covering 1959 through 1961 receivers.
Shows tube location and series-filament diagrams
96 pages, 5% x 81%~, Order TGL-12, only......Sl.2§

HOWARD W. SAMS & CO., INC.

8 Order from your Sams Distributor today, or mail
§ to Howard W. Sams & Co., Inc., Dept. J=12
B 4300 W. 62nd $t., Indianapolis 6, Ind.

Send me the following books:
8 OTWY-1 [OFMA-
8 O reG-1 [ ABT-1

$ecrrarrracss.ontlosed.

O TRT-1
0 DR-1
[ Send Free Book List

07612

Nome.

Address.

Tome.

City. Stote.

tN CANADA: A. C. Simmonds & Sons, Lid,, Toronto 7 8
SsrrTsmsserseseseeosesoeol

CIRCLE NO. 157 ON READER SERVICE PAGE
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New Products
and Literature for
Electronics Technicians

 E— e
Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, simply fill in
the coupon appearing on page 19.

INDUSTRIAL TUBE TESTER
] Alectric Manufacturing Company is market-

ing a thyratron and 1ectifier wibe cester for
industrial applications.

I'he Model )18-16D will handle all common

industrial tubes froin |1 through 16 amps. "there

are four meters for measuring anode volts, grid
volts, arc-drop svolts, and  filament volts, The
instrnent operates on 103-130 volts a.c.. G0
cycles. 1t is housed in a portable case with hinged
cover. Space is provided for the load resivtor,
plug, and cord.

HIGH-VOLTAGE CAPACITORS
Mallory Capacitor Company lias expanded
2 its tantalum foil capacitor line to include
higher voltage
300 volt atings will be
smooth-foil constiuction.
The 85 € lvpe FAF capacitor will be avail
able in five MIL case sises, cither polar or non-
polar, in ratings up to 300 volis, For 122 C
applications, the tvpe TAG capaditors, cither
polar or non-pelar, will be available in fonr
MIL case sizes ut 200 volt ratings. A fifth MIL
casc size is available in lower vatings.

ratings, Units with 200, 270, and
added  in tantihinm

U.H.F, CONVERSION KIT
Admiral Sales Corporation has dewonstrated
a special nhd, ficld conversion kit for use

with its recently introdneed 1963 23-indt 1V
models,
{ 1his  continuons

tuner will permit the
tuning  of all uwh.h
channels. It comes
wvnplete with baile-
in antenna and is of-
fered in two maodels,
the UILLFIHY for the
amnpam’s sets with
full-range Hine thning
and the UHF200 for
receivers  with  auto-
matic preset fine min-

ing.
The tiner has ver-
nicr tuning for re-

ceiving  channels 14 1o 83 It has plog-in
connectors il can be installed without solder-
ing.

COMPLEMENTARY TRANSISTORS
Motorota Semiconductor Products Ine. has
4 introduced  two pairs of low-cost  comple-
mentary. Cp-n-p’toand Cnepen” mesa transistors
especially suited  fov  highapeed  current-mode
switching applications,

94

The new transiscors, types 2N2236-2N2239,
feature typical gain-bandwidth products of 320
mc. with tnin-on and turn-oif tines on the order
of 3 to 4 nanoscconds,

These new components are expected tn be of
particitlar interest to logic design engineers who
want to capitalize on the wadvantages offered by
non-saturated switching.

TV SAFETY SHIELDING
General Electric Company's  Cathode-Ray
Tube Department has developed an entirely
new method of providing a safety shicld across
the viewing surface of a T'V picture tube,
I'he new shielding, known as “"Lamilite,” con-
sists of a thin ceating of tough plastic which
in cffect is similar to the safety coating used on
photoflash tubes, In addition (o providing in-
creased safety, the new material reduces reflec
tion. Accovding to the company. use of the new
plastic shicld can reduce the weight of a typical
197 "I'V picture tube installution as much as
four pounds.

FOUR-CHANNEL EVENT RECORDER
Rustrah Instrument Company has added a
low-cost miniature event recorder to its line
of industrial and lab-
oratory test cquip
ment,

The Maodel 92 can
provide facts on a
wide varicty of oper-
ations such as work-
time or downtime of
machinery. prodnctiv-
ity of amachines or
personnel,  continuity
of production, necd
for maintenance, or
quality control.

Weighing 31
pounds  amd  measar-
ing 342" wide x 542" high x 4”7 deep. the instru.
ment is housed in rngged  die-cast alimminum
case, coated with durable vinvl paint,

VOLT-TO-FREQUENCY CONVERTER
Weston Instruments Division is marketing
a new solidstate converter which  accepts
d.c. signals of + 0 10 20 millivolts for conversion
to proportional frequencies,

The Madel 180) operates as an inexpensive
digital soltmeter when used with an electronic
counter. Linecarity is + 0.1 per-cent. In its 0 to 20
v, input range the instriment is ideally suited
for transducer input. Higher ranges may be ob.

YULTARE tq FRECUENGD
B
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tained  with input atcunators. Input may be
cither positive or negative, polarity heing dis-
played on the front panel by indicator lamps.
Outpit frequency is 10,000 cps at 20 mv, Inpat
impedance is 100,000 ofins,

TV PROJECTOR
TelePrompTer Corporation has introduced

a large-screen 1TV projector weighing only

70 pounds and priced at less than half the cost
of other big picture equipment.

he "Amphicon 190" is only 20 inches high

and 2158”7 deep. 1t is designed especially for

industrial, and
markets, 1t provides pictures up 10 12 leet in

classtoom. club, custom  home
width. Brightness s cight footlamberts  and
highlight illumination fonr lootcindles on an
B-loot-wide picture. 1 he optical sistem s a
127 mirvor, 10" corrective plate. and has a vela-
tive apertire of f0.8.

PORTABLE FREQUENCY STANDARD
g Stancor Eleetronics, Inc. has annonnced (he
availabilitv of a portable. veliable frequency
standard for the alignment of rwo-way tclio net-
works including transmitters, relav stations, re-
lei\'('l". or transceivers,

The Madel SC-101 was designed to meet the
need for a lightweight, self-powered instrument
for on-loction applications. The battery-powered
unit operates at mny of ten prescelected  fre-
quencies within the range of 10 to 480 e, and
at temperatnes from 22 degiees F o to 104
degrees F.

The instrument weighs 2.6 pounds and meas-
ures TW” x 17 x ALY,

12-AMPERE RECTIFIERS
Surkes Tarzian, Inc. is now oflering a new
][] line nf hermetically sealed  rectifiers with
d.c. load current ratings of 12 amperes maximum,
Fhe new line is designated Series 2,
Peak inverse vatings of 100 to G volts are
offered in 100wvolt increments. Monnting is siin-
plified by a choice ot base polarity.

DIGITAL PHASE CONVERTER

CountroiDvie, Inc. has developed a new in-
] strument for the accurate measnrement of
the phase angle between two acc signals, Known
as the Model TE-103 digital phase comverter, the
instrnment is oflered in two versions, “The A™
maodel will operate with input signals of 20
volts ranse minimum and 400 and 800 cps at
150000 ohms inpnt impedanee while the "B
maodel operates in the range of 300 millivolt

ELECTRONICS WORLD
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input sigimal fiom essentially doe te 100 ke at
oue-megohm  input  impedance.  Accuracy s
* 01% with the nnit working imo a suilable
electronic connter.

The instrument is offered in cither shelf or

rack nountings.
Radatron, Inc¢, is marketing a miniature,
transistorizad microwave recciver which is
designed [or mncrons aboratory and ficld ap-

FIELD-STRENGTH METER

pliciions as a toubleshooting and tesiing in-
strument,
The “Radar Sentry™ can be nsed by oiganiza-

tions crploving miciowave and radar eqnip-
ment. The unit weighs only 13 ounces and
meisures approxnuately 3987 x 2V47 x 3147 I

is completely portable, being powered by two
1000-hour  self-testing mercny  batteries.

It is capable of recciving c.w. signals and all
other types of modulation thnough a fregquency
range from 1000 mc. in the “L™ band up through
11,000 me. in the "X band. Detection of vadia-
tion is imdicated by an andible 800-cycle tone.

13

use with

TELEPHONE PICKUP COIlL

Microtran Company, Inc. has introduced

a hum:-bucking telephone pickup coil for
high-impedance-input

tape  recorders,

amplifiers, and dictating machines when used
in transeribing telephone conversations,

To climinate the high stray hum  pickup
levels usuatly encounteved. the new unit has
been designed with symmetrical hum-cancelling
pickup coils. The coil is housed in a gray plastic
case which mecasures 2V4” x 78" x 34", lt comes
complete with a 5-foot cable.

IN-CIRCUIT CAPACITOR TESTER
Cornchl-Dubitier Electronics has released the
] Model BF-90 “Handicheck,” an in-cirenit ca-
pacitor checker lor service applications.

The unit witl detect apen, shorted. o1 inter-
mittent capacitors and will, in most cases, give
an indication of the capacitor's condition for
valnes ranging between 30 upl. and 2000 pf,

Housed in a portable metal case, the nnit

Power is 110-125

12 ounces.
volis, 50 ar 60 cycles.

weighs 6 pounds,

PRE-TINNED SOLDERING TIPS
Electronic Ideas, Inc. is now offering a com-
] plete line of pretinned soldering tips de-
signed to be psed with the firm's “Sidco™
pencil-type soldering irons.

The tips are threaded for nse with the firm's
soldering tips and are made in both regular and
iron-cltad models, including conical, hent conical,
and chisel shapes. v pretinned  de-soldering

tiplet is also available.

KI-FI—AUDIO PRODUCTS

SIREN / AMPLIFIER
University Loudspeakers, Inc. is now oftering
] a new combination electronic siven and pa.
amplifier sysiem, the “Vanguard 1
The unit is fully transistovized and push-bui-
ton operited, The instrument is sell contained
and mcasures a mere 7°x 87x 2187, It feutures a
command panel of push-butons designed 10 sevve
both as function and “on™ butions for maximum
speed of operation, The panel is sell-illuminated
lor greater convenience and to minimize possibil-
ity of error.
The siren/amplifier has been especially de-

FIELD 'MESH DEVICE ELIMINATES "BLACK HALO™ EFFECT

~

-
iy
..JII {“

=
e

-

] 7!"

POWER

TRANSPORTATION
AUTOMATION COMMUNICATIONS

Compare the photographs at

field mesh device.
because the field mesh devi

voltage.
superior resolution and uni
used with equal fidelity in t

information on this or any

Foreign Trade Division, H
Tokyo, Japan.

Tokyo Shibaura Electric Co., Ltd., Tokys, fap

NUCLEONICS
ELECTRONICS

through a conventional image orthicon tube.
halo around the bright candle.

The 75PC11 is another product of Toshiba technology.

perienced electrical manufacturer,

ILLUMINATION
HOME APPLIANCES BASIC MATERIALS

left.

The lower photo was taken
Note the black
The upper photo was taken
through the new Toshiba 3-inch 75PC11 image orthicon with

No black halo and no image clouding

ce is closer to the target.

The 75PC11 operates on up to 4 volts above normal cut-off
It has an exceptionally high signal-to-noise ratio,

form picture quality. It can be

he studio or outdoors.

For
product from Japan’s most ex-
write today to Toshiba,

ibiya Mitsui Bldg., Yurakucho,

an Quality Since 1875

INSTRUMENTATION

September, 1962
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NEW 48 PAGE CATALOGUE

Now,_ it yeur fingertips—a sonrce for all vour
;.ml surpilus -I. ate vd A vl
full of ihe counmry
|lrlm ! Sona lnr your copyl

loat

1D-6/APN-4 LORAN INDICATOR

Makea Hleal al ' | -nnrrlun. Con-
m!n‘l u?""}"x‘.'- pend L 1;‘::‘."; 3895
Wil alic OROER 10 FOR $75.00
TESY EQUIPMENT SPECIALS' i

n

BC- 111 FREQUENCV ME v Ke
ari K ml cr\um' hxc(-' ssg 50

AN UPM-11A RADAR RANGE CALIBRATOR:
LAR : $995

$695
$395
$175
ven.. 814950
vii1..8149.50

$149.50
ted and

R: IH( beAtiii
Excellent

Mifiiory verslom of H)

MEASUHEMENYS CORP. MDDEL 80 SIGNAI.
GENERATOR: . | Me B i conditlon
'5-115 U FREQUENCY METEII. L TRLL6]

TN lZQIAPRS 'I'I.INER:
Excellent con

TN-129/APR9 T
Excellent condition

TN-130/APR9 TUNER:
Excellent condition

Noto: nll above tes( cquipment checked, i

vl

RBL-2 VLF RECEIVER
GO0 Ke recatipe dilal . Cos
[T le imgrn Iswer sl W
thu SDC‘CI alt . v
BC-611 HANDLE TALKIE CHASSIS

Brand new and boxedl (laws 1
eryetals ) & Cul I estral dimly

colls

‘BC- 1306 YI!ANSEEIVER
CWrig.

hl u-r |lll| le o

ned for G, police, fire departments, etc. for

| instantancons  mobile operation during  emer-

aencies,
FM REBROADCAST RECEIVER

Vitro Electronics has recently introduced a

]] crystal-controlled  commercial-type  sterco/

mono M rebroadeast receiver which climinates

the need for telephone lines or conventional hi-fi
receivers,

Designed specifically for FAD network applica.

Hraml misw
& 1

IT'S ONLY MONEY—COME AND GET IT!
We want naw {ropeat, NOW| nml \\IJI nn)‘ top
SHC, 'R(‘ and KT

e \1. I [

T~ or

el wels o
rent. \'uu GE? more because il Fit
more! Convinee yourselfl Get our quote

)
pAvS
todayl

COLUMBIA eiccrronics

LOS ANGELES 19, CALIF.

4365 WEST PFICO BLVD.
CIRCLE NO. 105 ON READER SERVICE PAGE

. ELEGTRONICS

¥.T.1. tralning lends to sucecess
as technicians, licld engincers,
speeialists in communications,
suided missiles, computers,
ridlar and automatlon. Basic &
advanced courses in theory &
laboratory. Electronlc Engi-
neering Technology, an ECPD
accredited Technical Institute
curriculum, Assoc, deégree in
29 mos, B.S§, also obtainable,
G.L. approved. Graduates in all
branches of clectronies with
muajor companics. Start Sept.,
Feb, Dorms, campus, High
school graduate or cuuivalent.
Write [or cataleg.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana

Everyone's going for Audion's
"Down to Earth" Hi-Fi Values.

Sesnigdingd Write for free catalog,

dﬂdigﬂ 25 E. OXFORD ROAD

MASSAPEQUA, L1, N. Y.

“Nems-Clinke™
[ vl section designed to prodince @ noise figare of
et and a sensitivity of 2 gy, for 30 db quicting.

specially designed filter nerwok provides an
A bandwideh of 200 ke, with a shape factor of

| tions, the {yvpe FMR-EOT has an

to 1, T he receiver i
an il oof 1.7 mc.
Completely  taansistorized  aud - novistorized,
the PMIR-HOL has a solidsgate power supply. It
measures 197x 3007x 1468” ind weighs 18 pounds,

i
& a single saperher with
]

| STEREQ PROGRAM INDICATOR
]8 Sherwood  Electronie Laboratorics, Ine. s
marketing the new Madel SL-1 USterco-lite™

witich  provides instant identification of 1M
stations woadeasting  steveo prograims,  Special
seising cirenitey prevents false indications due
to naise inpailses,

{he unit mensures 2047x 2147 7" wirl its
circnitry designed to operate with any present
FM tuner on the nrarket. Scensitivity s adjost-
able and wlequate to operate satistactorily with
my UM ominer, The indicator is an NE-211 ucon
Lonp while there are two parallel jacks (or FM
tuner input and multiplex adapter output.

Karg Laborptories, T, has recently intro-
]g duced the Model MXN-1G FM O maltiplex
stereo signal gencritor which is heing oflered as
cither a cabinet unit or for rack mounting.

The imvtrnment generates the FCCspecificd
sterco signal for use in design, pyoduction est-

MULTIPLEX SIGNAL GENERATOR

ing, and alignment of FM stereo adapress and
reccivers. The civenit featuges 2 uttigue stereo
modulator design. envstal-cantralled  pilot and
carrier signal, integral andio frequeney oseil.
Lator, plus venatite switching provisions for the
rapid testing of svne stability, dhannel separa-
tion, channel balance, and distortion.

TRANSISTORIZED STEREQ AMP
2 Heath Compuny is now  olfeving o fully

tranvistorized  70-watt stereo amplifier, the
Model AN-21, in Kit fornn Frequency response
is 1325000 cps = 1 db at 35 wans per channel
or 50 watts per chanmel (1HFM).

This amplificr-preamnp nnit wses 28 (ransistors
and 10 diodes 1o deliver full power over the
Ihcqncnr\' ringe. AL controls are front-panct
tmounted  and include a S-position dual con-
centric input selector, o 5-position mode sclector,
and dual coneentric volume, bass, and  trebie
[ comrols. A hinged lower front-panel conceals the
vapeanonitor inpnt swirch, speaher phase ree

www.americanradiohistorv.com

versal switch, lowdness switch. and all input level
wntrols.
Lhe kit features 5

circuit boards which climi-
nate the conventional  point-to-point
wiring. “The preamplifier cirenits arve eneapsu-
lated in six epoxv-corered mundules coutiining
70 resistors and capacitors, all factory wired and
A completety assembled version of this
imtrnment is available as the Model AAW-2L,
The Wurlitser Company has recently intro-
2] duced a ransistorized electronic piino with
hattery pack,
the td-note portable Modet HD O weighs 81
pounds and s finished i sandstone beige with
matching bench v portable cover snaps over the
nunic panct amd kevboard ane provides storage
tor the legs. When packed for trneling. the
piano measwies approximately 397x 217x 87,
Earphones inay be plugged into a jack on the
tront pael 1o redireet the sound from the
speaker to 1the carphones <o that only the player
permitting silent prictice sessions,

most of

sitted.

ELECTRONIC PIANO

can hear

2

rem in Kt lonn as the No.
{he twosstation  system

WIRELESS INTERCOM
Allied Radio Corp. is oflering o new com.
pletely transistorized  wireless intercom sys-
83 Y 991

operates by simply

plugging into any .o outlet or doe. power somce.

Each station is a master, emplosing a Large press
tostalk burton which can be focked on whenr a
nuit s ased a2 a4 monitor or clectrowic habw sit.
tere A special noise silencing “squelch™ circuit
culs power-line interference and provides statie-
Iree standby operation,

Fhe units are housed in eggeshetl white and
Orfovd grev cabinets measuring 537x 8147x 7347,

PROFESSIONAL TAPE RECORDER
Vega Electronios Corperation has introdneed
23 bt all-transistorised  professional wetie
for critieal applications.

The insteiment ds oflered in two standard
speeds, 7.0 ane 3.75 ips with the frequency e
Sponse at 7.0 ips 50 1o 18000 opy =2 dbs Wow i
7, thutter is JOR7E for a combined wow awd
flutter cqual to 099 at 7.0 ips. Start-stop action

pe recorder

ELECTRONICS WORLD
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THE ELECTRONIC
EXPERIMENTER’'S
MANUAL
by David A. Findlay

!

|

|

|

|

|
The ABC's of electronics experimenta- |
tion and project construction are pre- |
sented in this book in such plain |
language and in a style so easy to read, |
that anyone will become absorbed from |
the very first chapter. The projects ad- |
vance from the simple to the more ad- |
vanced. Through these pages the reader |
will acquire the knowledge and skill to |
turn out his own short-wave receivers, |
intercom systems, transistor radios, etc. |
169 pages, 170 illustrations. $4,95 |
|

[ ]

LIVELY READABLE HOW-TO BOOKS FOR THE
EXPERIMENTER AND ELECTRONIC HOBBYIST

VACUUM-TUBE CIRCUITS FOR THE
ELECTRONIC EXPERIMENTER

by Julian M. Sienkiewicz

How many times has the experimenter wanted a diagram of a basic
vacuum-tube circuit which he could use as a guide in building some
practical electronic device? At last, in one book, he can find all the
basic diagrams, schematics, and other vital information on vacuum
tubes and their circuits. One hundred vacuum-tube schematic dia-
grams, plate-characteristic curves. simplified schematic diagrams,
test circuits and other selected illustrations supplement the infor-
mative text to make this new publication one of the most useful
and informative books available for the rapidly growing legion of
experimenters and electronics hobbyists. 192 pages. 100 illustrations.

$4.95

CLASS D CITIZENS RADIO
by Leo G. Sands

The first and only book to be published in this im-
portant and rapidly expanding field. Leo Sands. au-
thor of almost 500 technical articles and 4 books.
gives complete information on this important com-
mercial class of radio and explains just what Citizens
Radio service is and what are its many applications.
Many illustrative circuits are shown and there is a
special appendix of FCC rules and regulations. 181
%  pages, 72 illustrations. $4.95

COMPUTERS AND HOW THEY WORK
by lames D. Fahnestock

A solid and acclaimed introduction to this ever-ex-
panding field. A completely understandable and
comprehensive study that describes in clear and pre-
cise terms computer principles, manufacture, opera-
tion and maintenance. Provides a solid foundation
for the study of computer techniques. Discusses
computer memories, flip-flops, programming, etc. The
113 special illustrations provide a visual explanation
of computer operation and principles. 228 pages.

$4.95

USE THIS HANDY ORDER FORM

ELECTRONICS BOOK SERVICE—A. 5. Barnes & Co. Inc.
151-51 Seventh Avenue, Whitestone 57, N.Y. EW 6A

Please send me the books | have checked below:

lencose $___ (You pay all postal charges.) [] Send C.O.D. (I pay charges)
___copyliest VACUUM-TUBE CIRCUITS FOR THE ELECTRONIC EXPERIMENTER $4.95
___copylies) CLASS D CITIZENS RADIO $4.95

___copylies} COMPUTERS AND HOW THEY WORK $4.95

—__copylies) THE ELECTRONIC EXPERIMENTER'S MANUAL $4.95

NAME e —

ADDRESS ciTy ZONE STATE.

If I am not fully satisfied I can return these books in seven days for a full
and prompt refund.

September, 1962

o7
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FREE CATALOG /962
with oscillator
circuits

Citizen Band Class D" Crystals

050 pins. {Add 15c per cmm for 098
27.065, 27.015, 21.085, 21.105, 21.115, 21.125,
ment make and model numbers) ........ $5.90 per sel

CITIZEN BAND CLASS “D" CRYSTALS
2!AC"
pins).
27.135, 27.155, 27.165, 27.175, 27.185, 27.205,
CRYSTALS IN HC6 U HOLDERS

3rd overton¢ -— .006% tol¢rance — l}“
All 23 channels in stock: 26.965, 26.875,
21.215, 27.225, 27.255.
SEALED OVERTONE

sealed HC6/U holders. &~
26.985, 27.005, 27.015, 27.025, 27.035, 27.055,
Matched crystal sets for ALL CB units (Specify squip-
486 pin spacing — 050 diameter — .005% tolerance

1510 30 MC .. ..$3.85 ea.
30 10 45 MC $4.30 ea.
45 10 60 MC .$4.50 ea.

FUNDAMENTAL FREQUENCY SEALED
From 1400 KC 10 2000 KC

005% tolerance ... oo $5.00 eo.
From 2000 KC to 10,000 KC,
any frequency, .005% talerance . ... PRS- $3.50 ea.

RADIO CONTROL

Specify frequency. .05 pins spoced %"
{Add 15¢ for 093 pins) ... $2.95 ea.

QUARTZ CRYSTALS
FOR EVERY SERVICE

All crystals made from Grade
“A” imported quortz—ground
and etched to exact frequencies.
Unconditianally guaranteed!

Supplied in:
FT-243 helders

Pin spacing %~
Pin diameter .‘{)‘93

CRIAZAR holders
Pin spacing %~
Pin diameter 125

MADE TO ORDER CRYSTALS

MC.7 holders
Pin spacing 3~
Pin dismeter 126

FT-171 holders
Pin spacing &*
Banana pina

. Specify helder wanted

1001 KC to 1600 KC: 005% tolerance ... .. _34.50 ea.
1601 KC to 2500 KC: .006% tolerance _. e 3278 en.
2601 KC to 9000 KC: .006% tolerance .$2.50 ea.
9001 KC to 11,000 KC: .006% toleranc® .ooenoeee.ce....$3.00 oa.

Amateur, Novice, Technician Band Crystals

01% Tolerance . . . $1.50 eo. — 80 meters (3701
3749 KC) 40 melers (7152.7198 KC), 15 meters
(7034-7082 KC), 6 maters (8335-8650 KC) within 1 KC
F1-241 Lattice Crystals in all frequencies from 370 KC
to 540 KC (oll except 455 KC and 500 KC) .... 50¢ ea.
Pin spacing 4" Pin diameter .093

Matched pairs — 15 cycles ... $2.50 per pair

200 KC Crystals $2.00 ea.
455 KC Crystals $1.25 ea.
500 KC Crystals $1.25 ea.
100 KC Frequency Standard Crystals in

HC6/U holders $4.50 eq.
Socket for FT-243 Crystal ____._.... - -- 15¢ ea.

Dual Socket for FT-243 Crystals ____ T 15cea.
Sockets for MC-7 and FT-171 Crystals .___.___ 25¢ ea.
Ceramic Socket for HC6/U Crystals .. 20¢ ea,

ENGINEERING SAMPLES and small qulntitlel for_prototypes
now made &t either Chicago or Fort Myers plants with 24 hour
service. IN CHICAGO, PHONE GLadstone 3-35655

IF YOUR PARTS DEALER DOESN'T STOCK Texas Crystals,
order direct and send ua his name.

TERMS: All items subject to prior sale and change of price
without notice. All crystal orders must be sccompanied by :g
money order or cash with payment in full

RUSH YOUR ORDER NOW TO

WTEXAS CRYSTALSY

31000 Crystel Drive, Fort Myers, Florida
Dept. {R.92) Phone WE 8.2100

rron SHIPMENT VIA FIRST CLASS MALL AT NO EXTRA l

COST ATTACH THIS ADVT. TO YOUR ORDER!

CIRCLE NO. 144 ON READER SERVICE PAGE
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is so fast it can cleanly split syllables, according
to the comnpany.

The Model V-3¢ is a two-channel audio fre-
quency recorder-reproducer for quarter-inch mag-
netic tape. The transport and eclectronics are
available separately if desired.

HEAVY-DUTY MICROPHONE
2 Astatic Corporation has added a heavy-duty

industrial model to its line of microphones

as the Model 551,
The microphone is unbreakable and scaled. 1t
can be taken apart for cleaning without break-

ing the seal. ‘The microphone olfers a selection of
high or low impedances, the choice being made
by simply changing onc wirc on 1he terminal
strip inside the wunit. The mike features a
shielded transformer for very low hum pickup
and high signal-lo-hum ratio; leal-type switch;
and coiled cables that stretch to 8 feet and recoil
to 15 inchcs.

AUDIO /P.A. AMPLIFIER
25 McMartin Industries, Inc. has recently in-

troduced an 8-watt continuous-duty amplifier
especially designed for background music and
p-a. applications.
The Model L'1'-80 provides frequency coverage
of 30-15,000 cps =1 db and has 4, 8, 16, 150 chms

and 606 ohm/70.7 volt outputs. Inputs are for
microphone, program (10.000-ohm bridge),
phono, and 600 ohms.

The unit is transistorized (8 transistors and 2
silicon rectificrs) and meiasures 97x 77x 444",

HEAVY-DUTY COMPACT SPEAKER
Atlas Sound Division is now offering a com-
2 pact. hcavy-duty speaker especially designed
for applications requiring ruggedness and relia-
bility. The fAange-mounting speaker can be in-
stalled flush with cabinet panels, ceiling bulk-
heads, or in any limited mounting area.
The speaker is weatherproof and incorporates
a protective bell opening screen that provides
additional structural strength as well as protec-
tion. The mounting hole circle is 65%4” and the
outside diameter of the flange is 7¥4”. Over-all
length is 6¥”. Power is 25 watts at voice fre-
quency, frequency response is 300 to 10,000 cps
and impedance is 8 ohins.

CB-HAM-COMMUNICATIONS

10-CHANNEL CB UNIT
2] Webster Manufacturing has recently intro.
duced a 10-channel CB unit designed for
command instatlations in offices and for in-
dustrial applications.

Known as the “Band Spanner 446,” the unit’s
ten channels insurc command-post operations
by giving a central executive office the oppor-
tunity to monitor secondary channels being nsed
by various operations within an organization. A
full-band tunable recciver permits the uscr to
switch instantly and listen to traffic on all 23
CB channels.

www.americanradiohistorv.com

The receiver employs an r.f. stage and two
i.f. amplification stages. Other fcatures include
automatic noise limiter, squelch control, and
a.v.c. A meter built into the instrument panel
gives visual indication of outpur and modulation.

TELEMETRY RECEIVER
2 Regency Electronics Inc. is in production

on an all-transistor, miniature, double-super-
heterodvine FM receiver for use in the v.h.L. tele-
metry band, 225-245
me.

The STR-2500 Sc-
rics mcasures 448"
high x 534" wide, and
11-15/32" deep and
weighs 7 pounds. The
units arc of modular
construction and are
designed for ship-
board application in
tracking and scoring
systems for guided
missiles.

The recciver consists of three main sections:
the main uniticed classis; the main amplifier
plug-in unit containing the st and 2nd if
a.l.c. discriminator, output signal amplifier
boards. and plug-in r.[. scction; and the power.
supply assembly. “I'he r.f. section may be cither
crystat-controlled or variable tuned, and cither
type can be quickly interchanged from the front
pancl.

CRANK-UP TOWER
Rohn Manufacturing Company is now mar-
2 keting a new “‘crank-up” tower specifically
designed for amatcur radio applications.

The No. 6 “crank-up™ version is available in
heights from 18 to 34 feet. The tower features
a sturdy winch and cable which lifts the various
sections casily and safely. It is completely hot-
dipped galvanized and features all of the ad
vantages of the fiym's No. 6 tower. It is currently
available in 18, 26, 37, and 54 foot heights.

R.F. INDICATOR PROBE Lo

Pare, Inc. has recently released an r.f. indi-
cator probe especially designed for use in
such applications as tuning Citizens Band trans-

mitters, reccivers, and antennas as well as for
TV receiver servicing.

The probe includes a precision 200-ga. indi-
cating mecter which provides a high degrce of
sensitivity for the required measurcments.

TRANSISTORIZED CB UNIT
3 Vocaline Company of America has added a
6-channel transistorized unit to its CB radio
line as the "Commaire ED-276."

The circuit features receiver fine tuning on the
fixed channe! positions to improve performance
under extreme range conditions. There is also
a combination pancl meter for rclative field
strength. rf. power, and frequency spotting.

The double-conversion superhet receiver uscs
ceramic transfilters for improved selectivity.

ELECTRONICS WORLD
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Squeleh and r.f. gain are
combined in a single con.
trol. A back-lighted dial
covers all 23 channcls.
The over-all size of this
new  instrument s bk
inches high by 9% inches

deep. It comes cnmplete
with  mike and <oiled
cord.

LOW-COST HAM TRANSMITTER
World Radio Laboratorics has added a low-cost transmitter to its line
32 of couipment tor the radio amateur.,

The "Meteor SB-1757
trausipitter provides com-
pletc coverage of the 80-
40.20-15-10  meter  bands
with  double  sideband/
AN/ew. operation. There
is straight-through  final
amplificy operation on atl
bauds. A specially de-
signed pi-nctwork matches
30 olvms on all bands sl
will handle feedline
stimding wiaves of 211,

he unit measures 37 high x 87 deep x 11%* wide. 1t is housed in a
maodern wiap-monnd cabinet in coppertme and black.

33 CB unit 1o its line ol two-wav ridio commnmica

Known as the “Companion.” the new unit fearnres a transistorized dual
power supply of 12 volis d.c, and 115 volts a.c. The circuit includes five
crystal-controlled.  pre-
tuned  channels phlis a
tunable receiver and lront
panel transmitter orystal
sochet for all additional
climnels. A sqquelch cir
cuit ail noise limiter ae
included.

NEW CB SET
Pearce-Simpsen, Inc. has added a rugiged. compact, and Hghtweight
i

NATION-WIDE TUBE COMPANY

Nation-Wide Bldg., Harrison, N.J.

Ft —_ - - i

priced from $109.50...
HAND-HELD, MOBILE, BASE STATION

2-WAY RADIO

—

Y
Now, 3 feature packed Johnson Messengers...

outperforming everything else in the field!

Compact, hand-held 100 milliwatt or 1 watt **Personal Messengers'.
Rugged and reliable—11 transistors, 4 diodes! Superheterodyne re-
ceiver and exciusive tuned RF amplifier gives twice the sensitivity and
40% more range than similar units with conventional circuitry—more
output than similar units with same rated inputs!

For mobile or base stations—performance proved Viking ‘*‘Messenger'’
punches your signal across the miles! High efficiency design makes
full use of maximum allowable legal power. Excellent receiver sensi-
tivity and selectivity. Automatic **squetch’’ control—5 channel coverage.
Only 5%" x7"x 1 l%' easy to |nsta|| anywhere!

WRITE TODAY
for
information packed
4 Color Catalog

E.F. J[l_IL\'Sﬂ,\I COMPANY
2505 10th Ave, $S.W., Waseco, Minnesoto
Please rush "Messenger” details to:

| ﬂ -~ NAME _
| CTEN - ADDRESS. )
L 5 CITY. STATE =

Manulacturers of the world’s most widely used persona! communications transmitters,
CIRCLE NO. 121 ON READER SERVICE PAGE

BRAND-NEW

$27.00 PER HUNDRED -

{-YEAR GUARANTEE ON ALL TUBES!
FACTORY SECONDS o

Ml TUBE

IMMEDIATE DELIVERY

USED TUBES -

Befare shipping., each order of Emission tubes are immediatety de- WHY PAY MORETTT?TTTI??
tubes s Scientifically Tested by stroved! You receive only TOP You've tried all the rest...
70 BUY Nation-Wide’s own Quality-Control QUALITY, LONG-LIFE, Hickok and now the BEST for LES
6 GOOD REASONS Departmentl All shorted and Low-  set tested tubes! 39 Sulntitute For ‘”“p‘;:l(;:'f:l,
Nﬂ'"o“ WIDE: \I\JI!R TERARD ELECTRIC) nas
FROM INDIVIDUALLY BOXED! CODE DATED! BRANDED! btn e tabiisho for 45 YEARS:
Guaranteed 1-Year 0za SBX7A 6BKS GSN7GTA/B 124F3 14H7 “DO-IT- vounszl.r"
o NIl Tubes 1 Orders ATGT SBRS BK7A, B SQ7 12aQs 14Q7 TUBE CHECKER
o Poutage On A 83GT SCG8 BL7IGT A 674 12AT6 1TAVSGA At 1/8 The o,n m.n co“l
o/Fire! Itack Guarantee MSGT 3CLSA BNE 6TA/A 12477 17AX4GT pped u.lmay
4.pav Mon o order O 88 L6 Frts Bqs US/6Gs  12AUT $36.95 § et roes
Fres Surprlze plis LAS 546 6HBQSGTA B us-A AVS AS Pays for itself in one month or
L e LB4 578 BQ7/A ETS AX4GTA 8 19AUAGTA fess! kets
e Mare o Any Slze ess! ldeal for supermarkels &
te  Viellvery i LH4 Suac us veer Ax7 BG6G /A U Stor Completely  rocondl.
o Digpesiliate LNS SU4AGA/B BYSGA W4GT A AzZ7 T8 tloned, these mnrhmm have up-
order nonter Guide with NSGT us aYs WEGT B4 SAXAGT to-date  charts, hted back &
Frec Trouble.SW s svéc €827 4 BAG S8G6 locked curmmrlmem that stores up
" very order $i 2¥3ar oo &x2k 13557 a Stboca/ s toRSOORID e
ue 6ABGT 6CD6E /A Y6G, A 128L6 scu TV CONSOLES
us GAB4 CL& A&/ XXL B8Q6 DNE
x2 ACT CCT AS BY7 A 1Y . From Knobs To Back
QUE HWABLA ESPANOL HH A oy L s LeGy Out Picture Tubes
A Speclal Message From NutiunWide Te CYS éamndcT Cus AGY Cus/12Cs 28 istnetion?s
BuS Ui Of The Border Friendn: AUS 6AHE cua au7 cue SAS ranstact lan G ase
Uver the years, we have serveil thousands & sars Dae A8 788 oas” b Shipped Rallway Express. F.0.B.
of customers in McexXleo, Central and South Bl.'J‘B SAMS /A DT6 787 8 € A B 3
Amenlgal 876 6ANB A EAT cs ora Wa ; " o e . B
Right now, we are looking for Centralized cBS 6AQS A Eas c8 ENG ¥4 e 164230 —21
distributors in cach countryl M you qualify C56 GASS €88 F8 EmS z3 A3 e i)
an turn over to 100, DKE 6ATE EMS H7 RIGT
iubcs anauaily’. . . Write Nation-Wide' tm- oTe 6ATS /A ERS ' L6GT riald ONE YEAR GUARANTEED
mediat LEe gnua%r A £33 X7/ XXFM QIGT BS et PlICTUARE4JUgE$l -
AUSGY F L 'Tlc ol + Low As ¢ Per Inc
our oversns agent will call an you, or we asaT tabe -+ e o CD%‘ Here are just a few Spectacular
ullll pay your expenses to New York Sa 8 HE aws, A iF7 EMS sampie prices!
Elve you our specCial distributors ducounul vﬂs lAV:GA },}',‘ gg? g‘" LeaT “'“"‘_,’,‘#",‘3 };%PI—GID 05
45 3 - — . ' —% |
FREE POSTAGE On AN Orders, 23¢ 4BCS 8/A 5JGA cs7 NreT ’.‘:.., 1—3$8.23 21EP1—$16.9
HardlIng §heirge On Onlers Under $3 il B8C8 GAX4GTA B 6KEGT cmT 12507 Y7GT 19GP4—88 93 21AMP'4—822.88
Tivped| Of 23 % 00 C ij 18, "s! Canndlan and 4BQTA AXSGT T CX8 12V6eGT L7GT 17TRI4=—%0.03 21CEI" 1—%2H. 95
Forelgn orders please ' sl approximate 4BS8 B4 6LEGA/B/C SNTGTB 12WeGT NOTE: No Dud, Required On Any
[EET s 4B26 6BCS 6Q7GT AU? 12xae O The thove Tube Types.
4CBS 6BCB 6S4 usa 13DE 7 Attention! All picture fubes sold
REMEMBER, i you'rc not Combletely Sat- 40T6 €BESB 6SAT ODE7 13DRT 8 by Nation-Wide contain only new
Isfied with any merchandise, Nation-Wide S5aAamM8 BFS 65C7 0EGT i4a7 o parts! The glass envelope which Is
:alll Refund vour Maney within Five (St g:ass G:t.:.SGIA sgn;l 2::21’ 14AF7 3 nl'ned has !n' ccltonoly Inspech-d
6 F 488 4 prior to manufy 10 insure
1mmediate SASA 6BHB BSKT 2ADG 14F7 1723 clear and mrlect pictures! All pic-
lemeste et o ot oot |2 WEE. Wi Bl N MR | amsmsetee e
lor Nation- Q ! comp {]
Partial listing—send for free complete tube HStnE. Bicture tube 1158, DePt. CL.

NATION-WIDE TUBE CO.
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The new unit measures 8%~ wide x 5” high,
x 1214” long and comes with a universal mount-
ing bracket.

SSB EXCITER
Manson Laboratorics, Inc. is now offering
3 its ncwly developed SSB exciter, the Model
H08
The unit is continuously tunable from 2 mc.
to 32 mc. with (requency stability of onc part
in 10* per day. Spurious signals are at lcast 60
db below p.c.p. and second-harmonic radiation
is at least 40 db below p.c.p. ourput while all
other harmonics are at least 50 db below p.c.p.
output
Incorporated in the exciter is a 35-mc. direct-

reading solid-state frequency counter which is
sclf-checking and system-checking. The exciter
s also available with tuning in 100-cycle steps.

CB TRANSCEIVER

3 Globe Electronics is currently marketing a
new CB transceiver, the "Star.” which has
the CSA,

received type acceptance from the

Canadian equivalent of the FCC.

' ®

PER
TUBE

100 TUBES OR MORE:

30c Per ruse

3BY6

N-
E LIFE AND MUTUAL co
DUCTANCE TESTED. INDIVIDUA[I:
& HANDSOMELY BOXED & BRAYI;I -
ED. TUBES MADE IN USA ONL

EACH TUB

TERMS: Al orders over $5.00 postage
free. Under $5.00 add 50¢ for postage and
handling. Send 25% Deposit on all COD
Orders. Canadian and Foreign Orders, send
approximate postage. All orders subject to
prior _sale.

100

* HIGHEST QUALITY

* FASTEST SERVICE
* LOWEST PRICES

4

The unit [catures new dual conversion and
superheterodyne circuitry which is said to climi-
nate adjacent-channel interference and provide
greater signal clarity and range. The circuit uses
one triple-purposc  tube. three dual-purpose
tuebes, six single tubes. and four silicon rectifiers.

Adaptable to five channels. the instrument is

delivered with one set of crystals.

B E. F. Johnson Co. has just rclcased a new
3 high-performance two-way industrial radio
which highlights moderate cost

The “Messenger 2027 (ransmits and receives
in the 25-50 me. band and is FCC type-accepted
for use in the industrial. public safety, and land
transportation radio services. The unit neasures

f

INDUSTRIAL TWO-WAY RADIO

” x 338" x 1138”7, The front panel is of func
tional modern design, grev and black in color
and rimmed in chrome.

MANUFACTURERS’ LITERATURE

TUNING FORK OSCILLATORS
3 Accutronics, Inc. has recently issued a short-
form cataloguc covering its complete line of
tuning fork oscillators. The lour-page publication
is ol particular interest to engineering personnel
wlho need low-[requency oscillators.

Along with complete electrical and mechanical
specifications. the brochure carries a listing of
the firm's representatives in various sections of
the country.

COMPONENTS FOR INDUSTRY

3 Waldom Electronics, Inc. has issued a 32-

page cataloguc of parts for industrial appli-
cations. Featured arc over 1700 items of solderless
terminals and conuectors. In addition, the publi-
cation offers a complete selection of “"Shakeproof™
products, electronic hardware, instrnment and
equipment knobs and dials, instrumnent cascs,
terminal strips. standard and printed-circuit tube
sockets, jack covers. and planctary drives.

AUDIC EQUIPMENT CATALOGUE

Eric Electronics Corp. is now offering a six-
3 page cataloguc introducing its Scrics 3000
line of high-fidelity and sterco components. The
fully illustrated catalogue lists features and spec-
ifications on the firm’s tuners, amplifiers, inte-
grated receivers, and all-new sterco multiplex
equipment,

EDUCATIONAL TV DATA

Sylvania Commercial Electronics has issued
4 a 28-page booklet designed to provide edu-
aters and school administrators with a compre-
hensive. moen-technical introduction to educa-
tional TV,

24 HOUR SHIPMENT
On One Year Guaranteed

RADIO & TV TUBES

3CB6 5BRS

3CF6 5CG8 BARS 6BHB 6CF6
ICS6 5CL8 6ASS 6B16 6CG7
3CYS 5008 6ASS 68KS 6CG8
30K6 5GM6 6AT6E 6BK7 6CH8
3076 516 6ATS 6BL7 60L6
354 578 6AU4 6BN4 6CL8
3v4 5U4 6AUS 6BNG 6CME
4AUG su8 6AUG 6BNS 5CM7
48C8 5V3 6AUS 6805 CNT
4BQ7 5X8 6AVS 6BQE/6CUE grog
4858 5Y3 6AVE 6807 60SE
4826 6AB4 GAWS 6BR8 6CS7
4817 BACY 6AX4 6BS8 6CUS
4C86 6AF3 6AXS 6BUB sCU8
4CS6 6AF4 6AX8 68X7 6CW4
4EWE BAGS 6AZ8 6BYS 6CX8
SAMS 6AH4 6BA6 6BY6 6CYS
SANS 64HG 6BAB 6826 8CY7
5405 6AKS 6BC5 6BZ7 6025
5AS4 6ALS 6BC8 6BZ8 6044
SATS 6AMS 6BDE 6C4 6DE4
5AVS G6ANS 6BE6 6C86 6DEG
5BKY 6AQ5 6BG6 6C06 6DG6
58Q7 6AQ7 6BH6 6CES 5DKE

Case
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FREE BONUS OFFER

Genuine Leather * Hand Tooled Key
® Yours Free with every order
of 25 Tubes or more.

We Ship Immediately!

Tubes are all guaranteed and field tested new, factory seconds or used tubes and are so marked.

CORNELL ELECTRONICS CO.

IIEXTTR 4217 University Ave., San Diego 5, Calif. ® Phone: AT 1-9792

12AV5 T2
124V6 v
6DN7 65a7 12av7 12w
6006 678 1244 12x4
6DR7 6Us 124X7 13DE7
6076 6v3 12827 13DR7
GEAB 6V6 1284 17aX4
6E88 6w4 12846 1704
6EMS W6 12BD6 17006
6EMT 6X4 12BE6 17GW6
6ERS 6x8 128F6 19AU4
6ESB TAU7 12807 2544
6EUB BAWS 12BKS 25806
GEVS 8805 12806 25CD6
6EWE 8CG7 12BR7 250N6
6GH3 8CM7 12BY7 25L6
6GM5 8Cxs 12827 25wa
615 9AU7 12CAS 3585
616 10DE7 12CUS/12C5  35C5
6K6 1DDR7 12CX6 5.6
6L6 11CY7 1204 I5Wa
6Sa 12805 12pq6 3525
6SA7 12476 1216 50BS
6SK7 12477 12547 50C5
6SL7 12406 qa5x7 50L6
6SNT 12407 125N7 5642
ATTENTION

QUANTITY BUYERS

« Ask for Special Discounts

* Write tor ‘Private Brand' Deal

* Submit your Tube needs for
price quotation

ELECTRONICS WORLD
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The fully illustrated booklet, 1itled “Television
in Education,” sums up the significant accomn-
plishments of educational television. explains
the varipus means by which open and closed
circuit TV is transmitted and veceived, describes
equipment requirements, and ontlines the con-
siderations {or plannming and instailation,

SERVICE DATA LISTING
4 Supreme Publications is offering a (rec 48-

page listing of (he technical service data it
is prepared to supply. The radio maierial covers
receivers dating back 10 1926 and np 10 present
1962 models while the TV «ata goes back to
1950 sets and wp 1o current models. Details on
ordering specific schematics are also included
with the lisiing.

DIGITAL-DISPLAY GENERATOR
42 Microdot Inc. has issucd a four-page data

sheet covering i1s Model 412 FM signal
I'he brochure FMSG-1 contains op
cration theory and procedure as well as complete
specifications on the wnit. Photographs of the
unit plus block diagrams on is applications
are also inchuded

gcnerator.

VARIABLE-VOLTAGE CONTROLS
The Superior Eleciric Company is now of-
4 fexing copics of its Bulletin CSR462 which
describes in considerable deiail its “Solidstat
solid-state, semiconductor-tvpe variable.voltage
controls.
‘The booklet illustrates various applications
and provides data on the electrical characteristics
of the models in the current line

ILLUMINATED CONTROLS
Muminated Controls Incorporated is now
4 offering a fnll-color, illustraied hrochure on
its line of matrix-modular swirching for the
monitering of commercial and wilitary cquip:
ment
Indcpendently operated momentary or aher-
nate action push-bution switches ave illusirated
providing four colors for four visual conditions
and also a single color indicalion. A section of
the brochure covers illuminated control pancls
using the new “lsolume” concept which illus
frates conditions duving the monitoring of equip-
ment.

SSB COMMUNICATIONS BROCHURE

Adler Electronics, Inc. has issucd a six-page
45 brochure describing the AN/TSC-18. 19
and 20 transporiable singleideband cominuni
cations systems. |he umis are designed for air
and ground commmunication centrals in applica.
tions involving long-range high frequency and
multi-channel voice teletypewriter, among other
[

COMPUTER-GRADE ELECTROLYTICS
Sangamo Etectric Company has issued a 12-
4 page booklet covering its line of computer.
grade electrolylic capacitors. In addition te an
extensive listing of sizes and vatings, the publi.
cation includes up-to-date design and application
data.
Bullerin 22314 contains graphs
pertinent ordering intorination

charts. and

ULTRASONIC DRILL DATA
Gulton Industries, Inc. has issued a new
4 builetin on its “Glennite Hi-T™ uhrasonic
inpact drills. ‘v'hese instruments are especially
suited for nse in the electronics. ceramic, optical.
and sinrilay industries requiring precision ma-
chining of brittle hard-to-cut naterials.

The bulletin conrains a list of these materials
and photographs indicating ihe runge of cut
shapes which the drill can produce. Deiails on
the various drills are also included in Bulletin
V7d.

TERMINAL BLOCK CATALOGUE
4 The Rowan Comroller Co. las available a
24-page catalogue which provides complete
informution on the firm’s line of terminal blocks

September, 1962

terminal strips, special connectors, and acces
SOTiICs.

The various items In (he line are illustrated
and complete specifications and application data |
provided.

GOLD-BONDED GERMANIUM DIODES |
49 Clevite Transistor has issued a single-page

data sheet describing a new series of milli :
miniature gold-honded germanium diodes. The
new series, CIN203 through CID209, consists of
five basic types able to perform the functions
of virtmally all existing subminiature types

Bulletin TR230-1.A lists all electrical and me
chanical specifications on these new unils

COMMUNICATICNS EQUIPMENT

Manson Laboratorics, Incorporated has re- |
5[] leased short-form catalogue No. 1000 cov

ering its line of communicalions equipment.
Futly illustrated, this 8-page book provides
full specifications and descriptions of the firm's
line inclnding h.f. and u.h.[. systems, exciters
receivers, amplifiers. stabilization  kits, crystal
frequency synthesizers. frequency standards, pre-
cise oscillators, crystal ovens, multipliers, and
dividers. l

TRANSISTOR TESTER DATA

‘I RD Instruments Division has available a
5 new 6-page 1echnical brochure which de |
scribes the Model 1880 dynamic beta transistor
tester made by its parent company, The Hickoh |
Elecirical Iustroment Co. |

Brachure R1DIB80 describes the tester in de
tail and piovides technical specifications, sim- |
plificd schematic diagrams. and cirenit descrip- |
tions of the a.c. bew, d.c. beta. and lcakage |
Lests. {

SWITCHING TRANSISTORS
52 RCA Comnercial Engineering has issucd a
six-page brochure covering the reliability of
i1s 2N706, 2N706.A, USAZN706, and 2N708 dou
ble-diffused “n-p-n” silicon planar very-high-
speed switching transistors.

Bulletin No. 6283 provides data eéstablishing
stability, electrical uniformity. and long opcrat-
ing life, MIL-S-19500 cavivonmental and me
chanical testing results, and frequency distribu
tion analyses,

ANTENNAS AND ACCESSORIES
53 Master Mobile Moums, In¢. has issued a

comprehensive  20-page catiloguc covering
an cxtensive line of antennas for CR, CD, mobilc
v.if.. and ground-plage applications.

In addition 1o picturing amnd describing each
antenna in deail, the catalogue includes hun-
dreds of accessory ilems for communications
radio antenna sysiems. as well as crystals, a
ficld-stvength meter, and antenna mounts of
various 1ypes. |

. TAPE-HEAD TIPS
Nortronics is offering copies of its new book-
54 let “Magnetic Tape Heads—Care. Wear and
Replacement.” The publication carrigs full re-
placement head lisiing, deaailed information on
tape_recording principles, and proper care of tape

heads. A
PHOTO CREDITS

Poge Credit
Y X B . Official USAF Photo
7L P e Standard Oil of New Jersey
26 (left) ........ Official U.S. Army Photo |
26 (right), 84 .. ... ., . General Electric Co.
B8 g8 v e g Minneapolis-Honeywell
37 L amen R i Nationel Co. ||
K1 S . The Hallicrafters Co.
40) AN L - Federal Electric Co.
48 s Dymec Div., Hewlett-Packard Co.
47 ... ... Kin-Tel Div., Cohu Electronics, Inc.

505 .. .. Muntz—TVY
83 i e aTE DTt . Union Carbide
88 .......... Blonder-Tongue Labs
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The proven efficiency of Shake-
speare’s space wound coil and
air core it's all molded into
this shapely 4" CB whip of white
fiberglass that leeks and mounts
like @ handsome car radio an-
tenna. {—~Use for both purpases
by adding your awn antenna
coupler.) Unit includes whip, ad-
justable cawl mount and cable.

STYLE 156-1
with 54" cable — $10.50

STYLE 156-2,

with 97 coble — $10.95

THE SWITCH

4-ft. loaded whip
with adjustable

cowl mount
for 27 MC Citizens
Band

—always rugged,

¢onstruction
makes it so
keen and
you can bend 1t
tip-to-butt!

Wrlte for
FREE CB
literature

coLUMBIA PRODUCTS co.
Subsidiory of Shokespeare Compony
Columbila, South Carolina

CIRCLE NO. 106 ON READER SERVICE PAGE

| Cholce of modets from

ARTISAN

ORGAN
“King of Kits"

@ The ultimate In organ I
tone & styling I

@ Skip dealer prolits I
and factory labor

@ Pay as you bulid & I
play as you bulld

® No previous technlical I
Skl required

® The original bulld-it. I
Yourselt organ l

$1750 to $5500

| WRITE TODAY FOR DETAILS
494%-L YORK BLVD., LOS ANGELES 42, CALIF. T
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ELECTRONICS MARKET PLACE

RATE: 60¢ per word. Minimum 10 words. November issue closes September 5th. Send order and remittance to: ELECTRONICS WORLD, One Park Ave., N. Y. C. 16, N. Y.

ELECTRONICS
ENGINEERING
AND INSTRUCTION

USED Correspondence Courses and Books sold and
rented. Money back guarantee. Catalog Free. (Courses
Bought.) Lee Mountamn, Pisgah, Alabama.

ELECTRONICS! Assoclate degree-—29 months. Techni-
cians, field engineers, specialists in communications,
missiles, computers, radar, automation. Start February,
September. Valparaise Technical Institute, Dept. N,
Valparaiso, Indiana.

NEW Trade? Electronic, Mechanical Drafting pays $150
week. Send $2 first lesson, complete home study
course $25. Prior, Inc., 23-09 169 St., Whitestone 57,
New York. -
COLLEGE credit towards bachelor degrees through
home study. Credits recognized by over 50 colleges
and universitles. Send $1.00 for information. College
Training, 8-15 Morlot Avenue, Fairlawn, New Jersey.

FOR SALE

TV Tuners—Rebullt or Exchanged $9.95 complete—
all types—fast, guaranteed service. Send tuner with
all parts to: L. A. Tuner Exchange, 4611 west Jeffer-
son Blvd., Los Angeies 16, California.

TUBES--TV, Radio. Transmitting And Industrial Types
At Sensibly Low Prices. New, Guaranteed, 1st Qual-
ity, Top Name Brands Only. Write For Free Catalog
or Call wAlker 5-7000, Barry Electronics Corp., 512
Broadway, New York 12N, N. Y.

DIAGRAMS for repairing radios $1.00. Television $2.00
Give make, model. Diagram Service, Box 672.E, Hart-
fotd 1, Conn

GOVERNMENT Surpius Receivers, Transmitters, Snoop-
erscopes, Parabolic Reflectors, Picture Catalog 10¢.
Meshna, Malden 48. Mass.

PROFESSIONAL Electronic Projects ~Organs, Timers,
Computers, Industrial, ete.—$%$1 up. Catalog Free.
Parks. Box 1665. Lake City, Seattle 55, Wash.

BEFORE You Buy Receiving Tubes or Hi-FI Compeonents
send now for your giant Free Zalytron current catalog-
featuring nationally known Zalytron First Quality TV.
Radio Tubes, Hi-Fi Stereo Systems. Kits, Parts, etc.
All priced to Save You Plenty——Why Pay More? 2alytron
Tube Corp.., 220 W. 42ad St.. NYC.

PRECISION Resistors, carbon-deposit. Guaranteed 1%
accuracy. Mitlions in stock. Ye-watt, 8¢. I.watt, 12¢.
2-watt, 15¢. Leading manufacturer. Rock Distributing
Co.. 902 Corwin Rd., Rochester 10, N.Y

SAVE dollars on radio. TV-tubes, parts at less than
manufacturer’s cost. 100% guaranteed! No rebrands,
pulls. Request Bargain Bulietin. United Radio, 1000-w,
Newark, N.J

FREE—R.C.A, G.E. etc. tubes catalog. Discount to
75% from list. Picture tubes at 75¢ inch up. Parts,
parts kits at 1/10 original cost. Needles, tube testers,
silicons, seleniums 7” TV bench test tube—$6.99—
and more." Arcturus Electronics Corp., E.w. 502-22nd
Street, Unlon City, New Jersey.

TRANSFIRE TRANSISTOR Electronics ignition. Save gas,
tune-ups. Jmproved starting, high and low-speed per-
formance. Parts. Complete Kits, Conversions, from
53;1.95. Palmer Electronics, 2W, Carlisle, Massachu-
setts.

POCKET sized, fow impedance, square-wave gener-
ator. variable frequency, 200 ‘o 4000 cycles. Build
it yourself for $9. Send $1.00 and stamped envelope
for schematic to, Ace, 11500-H NW 7th Ave., Miami
50, Florlda.

SCHEMATIC diagrams, exact replacement parts or-
ders: Japanese transistor or tube radios, recorders
transceivers, electronics equipment. Give model and
manufacturer, $1. Techservices, CPQ 849, Tokyo, Japan.

TELEVISION cameras, build one. Write: Spera Elec-
tronics, 37-10 33 St, L.I.C. 1, N.Y.

CONVERT any television to sensitive, big-screen oscil-
loscope. Only minor changes required. No electronic
experience necessary. |llustrated plans, $2.00. Relco,
Dept. EW, Box 10563, Houston 18, Texas.

TV Camera—Ilow Ccost— ‘easllrbl]ilt— complete sch-e-
.::natics, instructions 50¢. Denson Electronics, Rockvilie,
onn.

AUTOMATIC telephone answering machine, $150.
S_Irm's_ 2025 Sunkist, Waukesha, Wisc.

TV tubes subscription service. Let us solve your new
TV tube stocking problems. Write today for complete
information. No obligation. Telefix, P.0. Box 361,
Levittown, N.Y.

:I’V' tuners rebullt or exchanged, $9.95. Most tuners
shipped day received. Valley Tuner, 18530 Parthenia,
Northridge, California.
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TRANSISTOR fgnition coil and construction manual.
Special, $8.50. Anderson Engneering, Wrentham, Mass.

ELECTRONICS data handbook, SI ppd. Baker, 129
Cooper, Santa Ana, California.

WANTED

CASH Paid! Sell your surplus electronlc tubes. Want
unused, Clean radioc and TV recelving, transmitling
special purpose, Magnetrons, Klystrons, broadcast
types. Want military and commercial lab test equip-
ment such as G.R-H.P., AN/UPM preflx. Also want
commercial Ham Reteivers and Transmitters. For a
Falr Deal write: Barry Electromcs_Corp., 512 Broad-
way, New York 12, N. Y. (Walker 5-7000).

TRIGGER—WAIV] we Buy Shortwave Equipment For
Cash. 7361 North, River Forest, Il1l. Phone PR 1.8616.

QUICKSILVER, Platinum, Silver, Goid. Ores Anatyzed.
Free Circular. Mercury Terminal, Norwood, Massa:
chuselts.

CASH, or trade new amateur equipment for teletype,
Kleinschmidt, or Collins equipment. Afltronics-Howard,
Box 19, Boston 1, Mass. (Richmond 2-0048)

PLATINUM electronic scrapﬁugh;. Noble Metals E,
Box One, Los Angeles 9, Calif.

WANT radio transcriptions- -pe_riod 1930/1950. Ken
Crawford Jr., 215 Steuben Ave., Crafton, Pa.

WANTED: Tubes, diodes, transistors, military, commer-
cial lab-grade test equipment components, PRC, GRC
equipment, aircraft equipment by Collins. Top prices.
Write details, Bob Sanett, W6REX, V & H Radio Elec-
tronics, 2053 Venice Blvd., Los Angeles 6, Californla.

TAPE AND RECORDERS

TAPE Recorders, HI-FI Componenis. Sleep Learning
Equipment, Tapes. Unusual Values. Free Catalog. Dress.
ner, 1523 EW Jericho Turnpike, New Hyde Park, N.Y.

RENT Stereo Tapes—over 2,500 Différent—all malt-“'
labels—free catalog. Stereo-Parti, 811-G, Centineta
Ave., Inglewood 3, California.

SELF-Hypnosis. New concept feach;&yt;u quickly by
tape or LP-record. Free literature. McKinley Publishers,
Dept. 76, Box 3038, San Bernardino, California.

4/TR Stereo Tapes bou¥m, sold, rented, traded' Free
Catalog/bargain closeouts. (Columbia) 9651 Foxbury,
Rivera, California.

SAVE 309% Stereo music on tape. Free bargain catalog/
blank tape/recorders/norelco speakers. Saxitone, 1776
Columbia Road, Washington, D.C.

RENT stereo tapes. Visit store or write for catalog.
National Cinema Tapes, 71 Dey Street, New York City.

DON'T buy HI-Fi components or electronic equipment
until you get our return mail quotation. “‘We guarantee
not to be undersold.” Send 10¢ for catalog. Hi-Fidelity
Center, 220 NC East 23rd Street, New York 10, N.Y

HIGH-FIDELITY

DISGUSTED with "Hi” Mi-Fi Prices? Unusual Dis-
counts On Your High Fidelity Requirements. Write.
Key Efectronics, 120 Liberty St., New York 6, N. Y.
Cloverdale 8-4288.

RECORDERS, Combonents! Free wholesale catalogue!
Carston, 125-R. East 88, N.Y.C. 28.

PRICES? The Best! Factory-sealed Hi-Fi Components?
ves! Send for free catalog. Audion, 25T Oxford Road,
Massapequa, N.Y.

WRITE for quotation on compcnenl:, recorders. Free
catalog. Hi-Fidelity Supply, 2817-WC Third, N.Y.C. 55.

HELP WANTED

TECHNICIANS to $5.50 Hr. Tech writers to $8.00 Hr.
Designers & draitsmen to $6.50 Hr. Engineers to
$12.00 Hr. Current rates paid by thousand engineer-
ing firms, coast to coast, border to border. Per diem,
Overtime on many. Who, Where with Vital Technical
Data In Job shoppers Manual & Directory $2.00 Cash,
Check, Money Order Electro-Press, Box 315, Pasadena,
Cal.

www americanradiohistorv.com

BUSINESS
OPPORTUNITIES

CHOICE Manufacturing Space For Electronics Manu-
facturer For Rent. Up to 150,000 sq. fi. in two con-
nected multi-story buildings, centrally located two
miles from Illinols Institute of Technology in Chicago.
Ample parking In protected lots. Excellent rail and
truck transportation. Attractive, well ventilated areas.
Buildings well suited for assembly line manufacturing.
Large windows on both sides. Hlgh ceilings, heavy
tloor loads, heat, compressed alr, gas and power dis-
tributed throughout. The Cuneo Press, Inc., Cermak
Road, Canal and Grove Streets, Chicago 16, lllinois.

GOVERNMENT
SURPLUS

JEEPS $278. Airplanes $159, Boats $7.88, generators
$2.68, typewriters $8.79, are typical government sur-
plus sale prices. Buy 10,001 items wholesale. direct.
Full details, 627 locations and procedure, only $1.00.
Surplus, Box 177-C34, Abbottstown, Penna.

U.S. GOVERNMENT SURPLUS--Jeeps, $264.00; radios,
$2.53; guns, typewriters; cameras; tools; thousands
of items. Fabulously low surplus prices. Complete In-
formation sent immediately. Send $1.00 to: Surplus,
Box 512-R, New Orleans 1. Louislana.

MISCELLANEOUS

ROCKETS: Ideal for miniature transmitter tests. New
illustrated catalog, 25¢. Single and muttistage Kkits,
cones, engines, launchers, trackers, technical informa-
tion, etc. Fast service. Estes Industries, Penrose 17,
Colorado.

SHOPPING GUIDE
CLASSIFIED

A HANDY GUIDE TO PRODUCTS, NOT NECESSARILY
ELECTRONIC, BUT OF WIDE GENERAL INTEREST.

PHOTOGRAPHY-FILM,
EQUIPMENT, SERVICES

PHOTOGRAPHY For Pleasure or profit. Learn at home.
Practical basic training. Long established school.
Free booklet. American School of Photography, 835
Diversey Parkway, Dept. 2536, Chicago 14, illinois.

SCIENCE Bargains—Request Free Glant Catalog “CJ”
—144 pages—Astronomical Telescopes, Microscopes,
Lenses, Binoculars. Kits, Parts. War surplus bargains.
Edmund Scientific Co., Barrington, New Jersey.

STAMPS AND COINS

TERRIFIC Stamp Bargain! Israel-lceland-5an Marino—
plus triangle set—Plus Antigua-Borneo-Virgin-Scouts-
Congo-Russia—Plus large stamp book—all four offers
free—Send 10¢ for mailing cost. Empire Stamp Cor-
poration, Dept. 22, Toronto, Canada.

EDUCATIONAL
OPPORTUNITIES

LEARN while Asleep, hypnotize with your recorder,
phonograph. Astonishing details, sensational catalog
free! Sleep-Learning Asscciation, Box 24-ZD, Olympia,
Washington.

BUSINESS
OPPORTUNITIES

SECOND Income From O0il Can End Your Toil! Free
Book and Oilfield Maps! National Petroleum, Pan-
American Bank Building—PP, Miami 32, Florida.

FREE Book *'990 Successful, Little-Known Businesses,"”
Work home! Plymouth-555W, Brooklyn 4, New York.

| Made $40,000.00 Year by Mail Order! Helped others
make money! Start with $10.00—Free Proof. Torrey,
Box 3566-N. Oklahoma City 6, Oklahoma.

ELECTRONICS WORLD
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ASSEMBLE artificial (ures at home for stores. Ma-
terials supplied free. Profitable! Write: Lures, Ft.
Walton Beach 1, Florida.

INVESTIGATE Accidents—Earn $750 to $1,000 monthly.
Men urgently needed. Car furnished. Business Expenses
Paid. No Selling. No college education necessary. Pick
own job location. Investigate full time. Or earn $6.44
hour spare time. write tor Free Literature. No obliga-
tion. Universal, CZ-8, 6801 Hillcrest, Dallas 5, Texas.

MAKE durable building plastic easily. Waterproof, eco-
nomical. Bays Laboratory, Cedaredge 8, Colorado.
MAKE $25-350 week clipping newspaper items for
publishers. Some clippings worth $5.00 each, Particu-
lars free. National, 81, Knickerbocker Station, New
York City.

MISCELLANEOUS

2700 Novelties, Tricks, jokes, sclence, hobbles.
world's biggest gadget catalog 10¢. Johnson-Smith,
D-528, Detroit 7.

HOMEBREWING! Beers, wines. Complete Instructions
J51. Guaranteed. Crystalco 28-BEW9, Millburn, New
ersey.

AUTHORS! Learn how to have your book published,
promoted, distributed. FREE booklet *'ZD,” Vantage,
120 West 31 St.. New York 1.

HYPNOTIZE Unnoticed, quickly, effortlessly, or re-
fund! Thousands satisfied! $2, Timner, Box 244, Cedar-
burg, Wisc.

INVESTIGATORS, free bruchure, latest subminiature
electronic listening devices. Dept. 9B, 11500 NW 7th
Ave., Miami 50, Florida.

“HYPNOTIZE . . . One word . . . One fingersnap,” on
stage. Satistaction—or refund. $2. Hypnomaster, Box
9309-E8, Chicago 90.

GIANT Arms.” Dr. Young's, D.C. Revolutionary dis-
covery. $2. Satisfaction or refund. Gaucho, Box 9309-
E8, Chicago 90.

WRITERS Send Your books, articles, storles, plays for
free evaluation, screening and sale. Write today! Liter-
ary Agent Mead, 915 Broadway, N.Y.C. 10.

PUBLISH your book! Join our successful authors: pub-
licity advertising promotion. beautiful books. All sub-
jects invited. Send for free appralsal and detalled
bootgetl.ICarnon Press, Dept. ZDI, 84 Fifth Avenue,
N.Y.C. 11.

PARTY record with catalog, $1.00. Pioneer, Box #38E
Station F, Toledo 10, Ohio.

Quick-Wedge

SCREW-HOLDING

SCREWDRIVER

DOUBLE BLADES
DO DOUBLE DUTY

Vo

Now

start
and drive N
screws at o

. Syt
twice the speed!
Tough, eilicient, usetul Quick-
Wedge® reaches into tight

spots with the screw firinly
gripped inside the screw slot.
Unique double blades tightly
wedge, hold & drive screws
without marring screws or
work.

Unconditionally guaranteed.
14 Sizes. Try one today!

Or write

KEDMAN COMPANY
P.0. BOX 267 '« SALT LAKE CITY, UTAH
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FM Stereo INDEX OF ADVERTISERS
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Next, let us turn our attention away | SERVICE No. ADVERTISER PAGE NO.
from the transmitter that is producing | 158 Allied Radio ......... +eves0i 59, 60
the FM stereo signal and consider some 100 2’:'5:"5@3"{“‘ ----- g dbes: 12;

) . static Corp., The ..... e
of tbg pnol)len?s that may arise at the Buaich i DG N Mo e
receiving location. 101 B & K Manufacturing Co. .. .... .9
102 Blonder-Tongue ............... 63
Recepiion Problems 155 C & H SalesCo. .............. 86

103 Capitol Radio Engineering

Tt has been observed in our own mon- od & "5'“'”‘9' T[heé -------- 3rd covzn

S = - . : - ; 1 annel Master Corp. . ......... o}
itoring away from the station itself that e s e R et O
FM stereo has many of the same prob- 105 Columbia Electronics . .. . ... ... %6
lems as television, especiallv ghosting. If 106 Columbia Products Co. ,........ 101
a non-directional or bhi-directional an- ig; g"'“""?i; S‘te’e"_ Tage Club ... Iég
tenna is used for receiving I\ stereo. PO S SCCTICSIEC e §6 24 -

. | . 109 DeicoRadiO .....oveveienneannns 91
simultaneous reception of a signal re- et e ) e A (ool 20
llect.ed by an object (such as a hill) only 110 EICO (Electronic Instr. Co. Inc.) 22
a mile away can completely destroy sep- t11 Editors and Engineers, Ltd. . .. .. 82
aration by making the receiver receive | 112 Electro-Voice, Inc. ... .. 2nd COVER
the right and left channels simulta- i3 (Electronic ChemiealCRIDIN Ly v &2

N , Electronics Book Service—
neously. This will usually be accompa- A.S.Barnes & Co. Inc. ....... 97
nied by distortion of the signal. On the 114 Fair Radio Sales .............. 66
other hand, a monophonic signal mav be 115 Goodheart Co., R. E. .......... 89
received perfectly. So, as a recommen- 1111‘; ‘é’a"‘hamElsch{ ot g'ec""’:!cs 85:3
0 . o - . or oratio
dation to FM stereo listeners, it is wise . N B r e 2D
. N - 118 Heath Company ............. 74,75
to avoid turnstiles and other relatively g X
. . . g Indiana Technical College ...... 77
non-directiona] antennas when receiving 119 international Crystal Mfg. Co., Inc, 21
F\I stereo. If vou do not receive a good 120 Jerrold Electronics Corporation ., 83
stereo signal from an FM station which 121 Johnson Company,E.F. ........ 99
vou know is broadcasting a good stereo 156 Kedman Company ............. 103
signal and vou suspect that the troubles 122 Key Electronics Co. ............ 76
may be caused by reflections, try con- 159 nighl EIBCIIGTICSY +ovue s B2 .

ay QUBER & J 123 Lafayette Radio ....... 78, 79, 80, 81
necting an oscilloscope to the tuner mul- 124 Lampkin Laboratorles, inc. .. . .. 66
tiplex jack. You don’t even need to have 125 McGee Radio Co. . ... ... .. ... 8a
a sync signal to be able to see the odd 126 Magnecord Sales Department
peaks and jags which will occur in the | |, | FEEES B B amenS o ;g
19-ke. sine-wave. When the antenna has 128 Milwaukee School of Engineering 85
been adjusted for a good clean sine-wave 154 Nation-Wide Tube Co. ... . ... 99
which looks like the one in the photos, National Radio Institute .. .17, 18, 73
you should be able to reconnect your | 129 MNefth American Philips _mg
adapter and enjoy a distortion-free sig- 130 Nortronics Company, Inc. ...... 90
nal with good separation. Oelrich Publications ........... 90

If vou still have trouble, here are a 131 Peak Electronics Co. et 5 v 23
couple of suggestions which may help RCA Institutes, inc. ... 68, 69, 70, 71
you. First, tune in a stereo station which R W Electronics ............. 92

‘casionally transmits a signal, such as 132 REdeEl ioegg Ay e
0(?“5[0““ YA ARsSignal, “ Radio Corporation of America
voice announceents, on only one chan- 4th COVER
nel. Tune in the signal as best vou can, 133 ::fc\;es Soundcraft Corp. ....... ;’3
th(?n disconnect the audio to the channel 134 Rider Publisher Inc., John F. ..72, 73
being used bv the announcer. If every- 135 Roth Steel Corp. .............. 62
thing is working perfectly, you should 136 Sams & Co., Inc., Howard W. .... 11
now hear nothing. If vou do hear sound, 157 Sams & Co., Inc., Howard W. .... 93
first rotate vour antenna for minimum 137 Schober Organ Corporation, The 58

. g X 138 Scott Inc, H. H. .............. 2
signal and then adjust your tuner fre- 139] | Sencare - schmeeh = e lneh T o 1
quency dial for minimum signal. As vou 140 Sonotone Corporation .......... 16
do either vou will first hear no signal 141 Sprague Products Co. ......... 57
(because vou are not tuned to the sta- 142t Sunfeme FUNESROTE ] -neg wesl W0

. 2 . ) Switchcraft .. ... ...... . .77
tion), then vou will hear a signal (prob- S IVAT Al s x Aureosi e A oh NN
ably distorted ), then a null (this is the 143 Terado| Gartpanyl e e B e e 76
point vou want), then a signal again 144 Texas Crystals ............ ..., 98
(probably distorted), and finally no sig- 145 Tokyo Shibaura Electric Co., Ltd. 95
1l as you tune away from the station B SNt =i e
gis s ) Lo ALl L 147 Twirl-Con Tools ............... 88
rrequency. 148 U.S. Crystals, Inc. . ............ 62

The same effects occur as vou rotate 149 United Scientific
the antenna. Leave the tuner tuned and 50 U ':ab°'_?'°['esé Inc. A= I Al g?
the antenna aimed for the null. Now V;'V:'sfs’; Tc:::h?s; el:znnct‘e“' =
. ) 1 parai i itute .,
turn on ths_other phanype! audio and you 151 Van Nostrand Co.. Inc. D N o
should be “in business” and ready to en- E0  rEre] ey A 73
jov the F\l-stereo hroadcast. A | 153 xcelite, inc. ..o 6
103
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1aa .63 6BZ6 .55 8awe .93 125)7 .67
aas .80 6B27  1.03 8BQs .60 125K7 .95
asa .75 6BZ8  1.09 8CGY .63 128L7 .80
ava .63 6C4 .45 8CM7 .70 12SN7 .67
aB@7 1.0l 6CBE .55 8CN7 .97 __12sar7 .91
4B27 1.04|__6CD6 1.51 BCST .74 1207 .62
N S 4cse  .61|___6CE5S .57 8EB8 .94 12v6 .63
ade w 4pDT6  .55|__6CF6 .64 8FQ? .56 12w .71
mha _4GMG  .60|__6CG? .61 __ 9cLB .79 12Xa .47
G“ARANTEED k _5AMB .79 _6CGB .80 11CY7 .75 17AX3 .67
SAN8 .90 6CK4 .70 1244 .60 178a6 1.16
SAQ5 .54 6CLE .79 12AB5 .60 17DG6 1.06
SATB .83 6CM?  .,69|__ 12AC6 .55 17wW6 .70
_5BCS .79 6CNT .70 12AB6 .57 1BFWE .49
_SBES .83 6Ca@s .92 12AE6 .50 18FX6 .53
__5BK? .86 6CR6 .60 12AE7 .94 18FY6 .50
SERVICEMEN:
_sBay 1.0 6CS6 .57 12AF3 .73 1%aUa .87
RAD-TEL HAS THE THE SIGN DF RAD-TEL'S __5BRS8 .83 _6CS7 .69 12AF6 .67 19BG6 1.39
RELIABILITY . .5CG8 .81 6CUS .58 12aJ6 .62 19Cs8 1.14
S T EE TS OVER 1S “::: __SCL8 .76 6CUG 1.08 12AL5 .47 19EA8 .79
__scas  .84| __6&Cys .70 12AL8 .95 1978 .85
. o | —_scz5 72| __e6CY? .M 12AQ5 .60 21EX6 1.49
Manufacturers Suggested List Price T SEAS i S o 12AT6 i 25a%4 e
__SEU8  .BO 6DB5 .69 12AT7 76| __25BQ6 1.17
FREE! R Send Jor New Tube & Parts Catalos e ) L B T
® G & Trouble Shooting Guide _5T8 '86|___6DGE .62 12407  .61| —_25CAS .59
__5U4 .60 6DJ8 1.2 12AVE .41 25CD6 1.52
POWER TRANSISTORS 500 Ma. sus  .84|__6DKe 59| 12AV7 .82| _ 25CUG 1.11
e e : __5v3 90| —_6DN6  .1.55 12AX4 .67 25DN6 1.42
PNP Replacements Silicon Dm,de _5ve 56| __6pas  1.10 12AX7  .63] _ 25EH5 .55
10.3, AF Power amplifier, auta Epoxy Construction _ 58 ‘82| __epnTs  .81|___12AY7 1.a4| __25L6 .57
g el —»- e ko Bl imn e
No. 140 79c ea. _6A8G  1.20 6DT8 .94 12B4 .68 32ETS .55
7 oap— . - Replaces .top-Hat
T . TTT0-36, Hi Power stud Type. type directly. __6AB4  .46|___6EAS  .79] __12BA? .84 32017 .90
-3 2N173, 2N174, 2N441, 2N442, « PIV 450 Volts max. _6AC? 96| __6EBS .73 12806 .50 35CS .51
#-' Y 2Naa3, DS501, DS503, DS504. 1.3 ma. __6AF3 .73 6EBS8 .94 12BE6 .53 A5L6 .60
No. 141 .......$1.39 ea. |. ac — RMS input,130v.| __6AF4 1.01 6EM5 .77 12BF6 - .60 —_35w4 .42
== o = o 0 o 0 o ___GAGS 70| —_GEM?7. 82 12BH? 77| —35Z5 .60
on Nos. 140 & 141 No. #147 ..45¢C ea. y '
0% OFF 5 12 %l o WlaT-dbcen | oy st|—emls i —ases vl —wams e
*Each Diode and Transistor Performance tested 0 -.39C ea. = Ug = . ~ ; = :
on an American TV set. Lots of 20..30c ea —6AKS  .95(___6Ew6  .57{ 12806 1.16]__S0C5 .53
: 3 __6ALS  .47(__6EY6 .75 12BR7  .74|__ _SOEMS .55
__6AMS8 .78 |___GF5GT .39 128vV7 .76 __.50L6 .61
TV, RADIO —__6AQS .53 6FG7 .69 12BY7 .77 Jo0L7 .97
aND HI-FI __GARS 55| ._ _6FV8 .79 12827 86| 11723 .85
55 CHAMBERS STREET, NEWARK 5. NEW JERSEY -gﬁgg .60 ~6GHB -g? :ig:ls -:2 ’3325 -;g
TERMS 25% deposit must accompany all orders. balance C.0.0. Orders BATE 2g gg:z '19 -
under $5. 200 $1 handhng charge plus postage Orders over $5: plus post: 6ATE .86 eong  .eal ORDER TYPES NOT LISTED
age. Approx. 8 tubes per | )b. Subject to prior sate. No C.0.0.s outside _ 6AUa .85 6HE .sa| SAME DISCOUNT AS ABOVE |

continental U.S.A.

EACH TUBE INDIVIDUALLY & ATTRACTIVELY

BOXED & BRANDED RAD-TEL

Qty. Type Price| aty. Type Price| Qty. Type Price|l Qty. Type Price
_0Z4 .79 BAUB .52 6JS5GT 51 12CR6 .67
1AX2 .62 _6AU7 .73 6J6 Al 12CUS .58
183 .79 6AUS .87 6K6 63| 12CU6 1.06
1DNS .55 BAVE a4 6L6 1.06 12Cx6 .54
1G3 .79 6AWS .90 6N7 .98 12D4 .69
1J3 279 BAX4 .66 654 .52 12D85 .69
1K3 .79 BAXS .74 6SA7GT .99 12DE8 .83
1RS a7 BAXT .64 6SG7GT .41 12DLE .88
1584 .59 .68A6 .50 B6SH7GT 1.02 12D0Q6 1.04
185 .75 6BAB .92 6817 .88 12DS87 .84
1T4 .72 6BCS .61 6SKTGT .95 12DTS .76
1u4 .72 GBC7 95| .6SL7GT .84 12D7T7 .79
1Us .65 6BC8 1.04 6SNTGT .65 12078 .78
1X28B .82 6BDS 1.25 6547 .94 12Dbweg .89
24F4 .96 6BE6 .55 6T4 .99 12p26 .62

——2BN4 .64 6BFS .90 6T8 .85 12EDS .62
3ALS .46 6BF6 .44 6U8 .83 12EG6 .62
_3aU6 .54 6BG6 1.70 6V6GT .54 12EK6 .62
3aVE .42 6BH6 .68 6W4 .61 12EL6 .50
3BA6 .51 6BH8 .98 6W6 n 12E26 .57
3BCS .63 6BJ6 .65 6X4 41 12F8 .66
3BE6 .56 6BJ7 .79 6XS5GT .53 12Fa6 .79
3BN6 .75 6BK? .85 6X8 .80 12FM6 .50
3BuUs .78 6BL7 1.09 TA8 .68 12FR8 .97
.3BYé6 .58 G6BNY .62 TAU7 .65 12F X8 .90
.3826 .56 6BNG6 .74 7B6 .69 12GC6 1.06
3CB6 .56 68Q6 1.12 TEYS .15 1218 .84
3Cs6 .58 6BQ7 1.00 TF8 .80 12KS .75
3DG4 .85 6BS8 .95 TNT .90 12L6 .73
3DK6 .60 6BUS .70 787 1.00 12SA7 -99
3DTe .54 6BX7 1.11 7Y4 .69| —_12SF7 .69
3GKS 99| __6BY6 .62 8AUS .90 125H7 1.00

RAD-TEL TUBE CO. NOT AFFILIATED WITH ANY

OTHER MAIL ORDER TUBE COMPANY

CIRCLE NO. 132 ON READER SERVICE PAGE

Printed in U.S.A,
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uclear engineering technology

FREE 58-page book just off the press
Get the facts on
career opportunities in electronics

and the new field of nuclear energy

If you are qualified for a CREI Home Study Program, send
postpaid card below for your FREE copy of 58-page book
describing CREI Programs and opportunities for rewarding
careers in electronic and nuclear engineering technology.

No Stamps Required. Fill Out and Mail Card Today.

. — — —— —— — —— — —— . —— e — — — — — — ———

\\\\\\\\\\\

First Class

V'A A'R MA’L Permit No. 283-R

Washington, D. C.

BUSINESS REPLY MAIL

No Postage Stamp Necessary If Mailed In United States

Postage Will Be Paid by

The Capitol Radio Engineering [nstitute,
3224 Sixteenth Street, N.W,
Washington 10, D. C,
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CREI can prepare you
for a rewarding career in the
NUCLEAR FIELIL

WELL PAYING, EXCITING POSITIONS are created every
day in the rapidly expanding nuclear field. Yet many are
unfilled because industry cannot find enough qualified men.

YOU CAN PREPARE YOURSELF to take advantage of
these opportunities and build a rewarding career in this in-
dustry of the future through a CREI Program in Nuclear
Engineering Technology. And you can do it at home without
giving up your present job.

YOU CAN QUALIFY for this program if you have a tech-
nical background and a high school education or the equiv-
alent. For complete information on career opportunities and
CREI Programs, use postpaid air mail card below.

JUST OFF THE PRESS—FREE 58-PAGE BOOK
describing\ CREI Programs and career
opportunities in electronic and nuclear

engineering technology.

Cut Out And Mail Postpaid Airmail Card. &t

SLIEL -
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ROBERT T. BLANKS (CREI
grad 1960) is Engineer,
Research & Study Div.,
Vitro Labs., Division of
Vitro Corp. of America,
Silver Spring, Md.

RICHARD S. CONWAY
(CREI grad 1960) is Super-
visor, Electronic Test De-

# partment, Wilcox Electric

Co., Kansas City, Mo.

MEARL MARTIN, Jr. (CREI

grad 1956) is a Senior
Engineer and Field Support
Manager, Tektronix, Inc.,

. Portland, Oregon.

MMV american

Advanced technical knowledge acquired through CREI
Home Study Programs is the key to their success.

SUCCESS IS NO ACCIDENT. There is a reason why some
men move ahead in electronics while others stand still, year
after year, in routine, low-paid jobs. Responsible, rewarding
positions in electronics require advanced technical knowledge.
Without such knowledge, you cannot hope for success no
matter how ambitious you are.

THE THREE MEN SHOWN HERE realized that career op-
portunities would open up for them only if they gained the
practical knowledge of electronic engineering technology de-
manded by industry, They did this through CREI Home
Study Programs and achieved the success they desired.

YOU HAVE THE SAME OPPORTUNITY. Through CREI
Home Study Programs, you can acquire the practical work-
ing knowledge of advanced and up-to-date electronic engi-
neering technology that will put you on the level of specializa-
tion where men are most in demand.

YOU WILL FOLLOW THE FOOTSTEPS of the thousands
of CREI men who hold positions as associate engineers,
engineering aides, field engineers, project engineers and tech-
nical representatives. They work in every area of electronics,
from manufacturing to the space program.

YOU ARE GUIDED and assisted by CREI's staff of experi-
enced instructors. When you enroll in a CREI Home Study
Program, you study courses to which a number of leading
engineers and scientists have made substantial contributions.

YOU HAVE A CHOICE OF PROGRAMS covering every
important field of electronics:
SERVOMECHANISMS « INSTRUMENTATION  RADAR
COMPUTERS « AERONAUTICAL AND NAVIGATIONAL
COMMUNICATIONS o AERO-SPACE o TELEVISION
AUTOMATION AND INDUSTRIAL ENGINEERING TECHNOLOGY
NUCLEAR ENGINEERING TECHNOLOGY

CREI EDUCATION IS WELL RECOGNIZED by industry.
Large corporations such as National Broadcasting Company,
Pan American Airways, Federal Electric Corporation, The
Martin Company, Canadian Broadcasting Co., Mackay
Radio, and many others.

CREI HAS 35 YEARS OF EXPERIENCE in advanced
technical education through home study. CREI has developed
electronics courses for the Army Signal Corps, special radio
technician courses for the Navy, and group training pro-
grams for leading aviation and electronics companies. CREI
also maintains a Residence School in Washington, D. C.

YOU CAN QUALIFY for a CREI Program, if you have
basic knowledge of radio or electronics and are a high school
graduate or the equivalent. If you meet these qualifications,
write for FREE 58-page book describing CREI Programs
and career opportunities in advanced electronic engineering
technology. Mail postcard—no stamps necessary—or write to:

EEEN the Capitol Radio Engineering Institute
Dept. 1109-K, 3224 Sixteenth St., N.W., Washington 10, D.C.

CIRCLE NO. 103 ON READER =ERVICE CARD
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YOUR KEY TO MORE AND BETTER BUSINESS

Each day you see more and more of these Key to Trusted Service symbols
displayed in radio-TV-HiF'i service shops all over the country.
This symbol is the focal point of a major RCA promotional program
to identify and “boost” outstanding service dealers in each community.
RCA is advertising nationally on Walt Disney’s “Wonderful World of
Color’—urging consumers to look for and patronize service shops dis-
playing the key statuette.
Your Authorized RCA Tube Distributor has all the facts on how you
can become a KEY service technician in your community. Call him today.
RCA ELECTRON TUBE DIVISION, HARRISON, N. J.

ca
| i }) The Most Trusted Name in Electronics
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